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Abstract 
Sedimentation poses one of the major threats to coral communities in the world. 
Coral communities in Hong Kong were also reported to be affected by dredging and 
reclamation. However, no related studies have been conducted thus far. This study is 
the first one that aimed at studying the responses of Hong Kong scleractinian corals 
to sedimentation and sediment burial. Platygyra sinensis and Goniopora columna 
were selected as they represent some of the dominant corals in Hong Kong. 
The study was conducted in Ping Chau. one of the few areas with flourishing coral 
communities in Hong Kong. Several marine physical parameters were measured 
from Nov 1998 to Mar 2000 lo reveal the sedimentation condition in the study area. 
These included sedimentation rates, particle size of trapped sediments, total 
suspended solids and relative light penetration. Sedinientalion rales were found to be 
correlated with the occurrence of typhoons. In normal days, sedimentation rate was 
within 10 mg.cm'lday'' but this might increase to 200 mg.cm'^day'' during or after a 
storm. Strong waves and turbulence generated by typhoon caused serious 
resLispcnsion of bottom sediments. The dominant composition of resuspendcci 
sediments shifted from clay lo sand. I lovvever, no correlation was found between 
total suspended solids and relative light penetration. 
Different coral growth measurement methods were reviewed and appropriate 
methods were selected lo study the growth of these two corals, /) sinensis and (;. 
columna. Alizarin red staining method was used to assess the growth of G. columna 
and the result indicated its growth rate to be 16.5 土 2.3 mm/year. However. I) 
.�/"t"/.�7..�could n t be measured with the same staining method due to the difficulties 
li 
of enclosure. Its growth was measured by nail marker method but the low growth 
rates recorded (4.5 to 5.9 mm/year) may be partly affected by the injuries sustained 
by the corals during the employment of this method. Growth rates in both species at 
two sites, A Ma Wan and A Ye Wan, did not show any significant difference. 
Colonies of these two corals were investigated on their clearing efficiency under 
different amounts of sediment applied onto them in si lit and in aquaria. Plutygyru 
sinensis was more efficient in clearing its surface of sediments than Goniopora 
columna. After 24h of application of 1000 mg.cm"".day'' of sediments, percentages 
of area cleared were 90% and 50% in P. sinensis and G. columna respectively. The 
hemispherical shape of P. sinensis colony did not significantly improve its clearing 
efficiency. The active removal of sediments by ciliary motion was more prominent. 
On the other hand. G. columna responded to sediment settlement by accumulating 
the sediments in the lower area of its colony. It appears to have emploved a 
sacrificial strategy to deal with sedimentations, allowing small parts to die in favour 
of saving the rest of� the colony. The two corals w ere able to w ithstand high amount 
of sediment application without shovvinu any stressful sign. 
A continuous sediment application experiment was conducted in aquaria for one 
month. Two parameters, zooxanlhellae and chlorophyll-a densities of both species 
were monitored weekly to study any change caused by sedimentation effects. 
However, neither mortality nor even bleaching was recorded among the coral 
samples. Though there were significant changes of both these parameters among 
weeks, no significant difference was found between control and treatment groups. 
The fluctuations of zooxanthellae and chlorophyll-a densities were not only due to 
sedimentation eflecls but were likely to be ailcclcd by other cn\ ironmenlal factors 
i l l 
such as light intensity and temperature as well. 
Platygyra sinensis and Goniopora columna responded to complete sediment burial 
differently from continuous sediment influx. Tissue necroses occurred under 48h 
burial. The main cause of death was due to smother in anoxic condition under 
complete sediment burial. Both corals experienced significant drops in their 
zooxanthellae and chlorophyll-a densities by more than 50%. But these drops likely 
resulted from tissue loss in degradation rather than from bleaching. On the other 
hand, no significant changes of zooxanthellae and chlorophyll-a densities were found 
in samples kept in aquaria under complete burial condition. This difference in 
responses between field and aquarium experiments may be a result of the use of 
coarser sediments in the aquaria than those used in the field. Finer sediments could 
create an anoxic condition more easily than could the coarser ones. 
The findings from some of the aquarium experiments in this study mav not be tullv 
- • 
applicable in the field as anthropogenic sources of sediments such as dredginu or 
reclamation tend to generate finer sediments like sill. Siltation could cause 
considerable higher turbidity in the environmenl thai was not accounted for in this 
study. However，results from this study provide furlher understanding of the 
responses of corals towards sedimentation and may shed some light on approaches 
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In the status review of coral reefs of the world 2000 edited by Wilkinson (2000), 
coral reefs are reported to be under both natural and anthropogenic threats. One of 
the major threats is sedimentation. Increasing sediment input into coastal waters has 
been a major cause in degrading coral reefs especially in Southeast Asia. A recent 
review of the status of Philippine reefs by Gomez et al (1994) described the major 
destructive factors as sedimentation and siltation from coastal development and 
activities inland, illegal and destructive methods of fishing, and overfishing. Similar 
situations are found in Thailand (Chansang et al 1992) where tin dredging occurs 
along the north-west coast of Phuket Island. In Hainan Island, China (Fiege et al. 
1994), increasing tourism raised the sediment loads to a high level. 
Hong Kong coral communities have also been threatened by rapid coastal 
development. The reclamation work done along the coastline of Tolo Harbour to 
establish new towns like Shatin and Taipo was suspected to have caused a decrease 
in live coral cover and coral diversity in Tolo Harbour and Channel (Scott & Cope 
1982, 1986). Though no direct evidence was available to show that such decrease 
was a direct result of high sedimentation, it is reasonable to suggest that 
sedimentation should be one of the most devastating factors affecting the coral 
communities. Moreover, the surface runoff from Tai Leung Tung in Hoi Ha Wan 
caused a localized mortality of coral by sediment burial (Cope & Morton 1988, Zou 
et al. 1992). The only study of the impacts of dredged silts upon inshore corals in 
Hong Kong is that by Hodgson (1994) of two inlets of North Ninepin Island in the 
1 
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eastern waters of Hong Kong, Between March and June 1992, transect surveys of the 
two bays in the island showed a significant decrease in live coral cover, a significant 
increase in the percentage of each colony damaged and in the size of injured areas 
between subsequent surveys. 
Hong Kong continued to develop at a rapid pace and extensive coastlines along some 
bays and inshore areas are scheduled or planned to be reclaimed to support such 
development. No directly related research has been done on the effects of 
sedimentation on coral communities in Hong Kong. There is therefore an urgent need 
to study the response of corals towards sedimentation in order to predict the future of 
coral communities in Hong Kong and provide information for the government to set 
up guidelines on coastal development and dredging activities. Moreover, Rogers 
(1990) suggested that more rigorous, comprehensive research is needed to quantify 
the response of individual reef organisms and the reef system as a whole to 
sedimentation from dredging and watershed development. 
The focus of this thesis is the effects of sedimentation and sediment burial on corals. 
Responses of corals at the organismal level were evaluated. Two selected coral 
species were examined for their physiological responses towards short-term sediment 
application, long-term influx of sediments and short-term sediment burial. The 
growth rates of these corals were also measured and correlated with the sediment 
loads in their environments. 
1.2 Study Site 
The study site is Ping Chau，located on the northeastern part of New Territories, 














































































































































































































significant features of this island have been recognized by Morton & Morton (1983) 
for being one of the few areas with abundant scleractinian corals. A total of 23 hard 
coral species was recorded by BCL (1997) and hard coral was the most dominant 
component contributing 54.5% and 62.1% of total cover along the depth of-1.5 m 
and -2.0 m Chart Datum (CD.) respectively. Tarn (1998) identified 37 hermatypic 
scleractinians of nine families in Ping Chau with a total cover of 51.8%. The coral 
community in Ping Chau is comparable to Hoi Ha Wan Marine Park with Brillouin 
diversity index value of 0.82 and 0.70 respectively (Wong 1998). The dominant 
species are Platygyra sinensis and Pavona decussata in shallow water while 
Goniopora columna and Pontes lobata in deep water. Coral communities flourish on 
its north northeastern shore, A Ma Wan (AMW) and A Ye Wan (AYW) (Fig. 1.2). 
This island is now proposed to be established as the fourth Hong Kong marine park 
in 2001 by the HKSAR Government under the Marine Parks Ordinance (Chapter 
476). This area is relatively far from anthropogenic source of sediments, i.e. dredging 
or reclamation (but see Ang 2000). The study of sedimentation condition around this 
island could provide the baseline data on the quality of Hong Kong waters. The 
abundance of coral colonies would allow the usage of coral samples in several 
sedimentation related experiments. 
1.3 Experimental Organisms 
Two scleractinian coral species have been chosen for this study. Platygyra sinensis 
(Plate 1.1) belongs to the family Faviidae with massive growth form and meandroid 
corallites (arranged in valleys). Goniopora columna (Plate 1.2) belongs to the family 
Poritidae with columnar growth form (Veron 1986). Based on the surveys done by 
Veroii (1982) and Scott (1984), both these species are common in Hong Kong waters. 
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waters (-3m C.D.) in Ping Chau respectively (Tarn 1998, Wong 1998 unpublished). 
Their dominance may be related to their adaptability and tolerance to the Hong Kong 
marine environments such as fluctuation in temperature, salinity, nutrition and more 
importantly to sedimentation. These two species were chosen because of their 
abundance (hence less destructive to the community if some of them had to be 
sacrificed in the experiments), and because of their morphological difference which 
would allow a comparison to be made on their responses to sedimentations. 
1.4 Objectives 
This study aimed to: 
• study the sedimentation condition in Ping Chau, 
• measure the growth rates of two corals, Platygyra sinensis and Goniopora 
columna in environments with different sediment loads, 
• compare the sediment rejection efficiencies of P. sinensis and G. columna in situ 
and in aquaria, 
• study the changes of zooxanthellae and chlorophyll-a densities of these corals in 
aquaria after long-term influx of sediment, 
• examine the damaging effects on the corals after short-term sediment burial. 
1.5 Outline of the Thesis 
This thesis is arranged in 7 chapters; the content of each chapter is briefly 
summarized below. 
Chapter 1. Introduction 
This chapter describes the background condition of Hong Kong marine environment 
a vis the threat of sedimentation, the study site, the experimental organisms and 
8 
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the objectives of this study. 
Chapter 2. The physical parameters of AMW and AYW in Ping Chau 
This chapter describes the marine physical environment of the study areas, AMW 
and AYW in Ping Chau. The basic parameters of sedimentation were studied on a 
monthly basis for one year (Nov 1998 - Mar 2000). These parameters included 
sedimentation rates, particle size analysis of trapped sediments, total suspended 
solids and relative light penetration. These baseline data provided important 
information for the sediment impact studies. 
Chapter 3. The growth rates of Platygyra sinensis and Goniopora columna under 
different sediment load environments 
In this chapter, the methodologies of growth measurement were considered and 
compared for selecting the suitable methods to be used in this study. The growth 
rates of P. sinensis and G. columna were measured in AMW and AYW by using 
permanent markers (nail) and Alizarin Red staining method respectively. The 
differences in growth rates for these two sites were found not to be directly 
correlated with the sedimentation parameters. 
Chapter 4. Sediment-rejection efficiency of Platygyra sinensis and Goniopora 
columna in situ and in aquarium 
The two coral species P. sinensis and G. columna were examined for their responses 
to the settlement of sediments. They would actively clean their surface after 
settlement of sediments, a response that is termed as active rejection efficiency. 
Experiments were carried out both in situ and in aquaria with the application of 
9 
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different amounts of sediments on coral surface to determine their active rejection 
efficiencies. The cleaning mechanisms of these species were found to be correlated 
with their morphological differences. 
Chapter 5. The effects of continuous sediment influx on Platygyra sinensis and 
Goniopora columna 
The long-term sublethal sedimentation effect was examined in aquaria. Continuous 
influx of sediments was applied on these two coral species on a daily basis for one 
month. Zooxanthellae and chlorophyll-a densities were monitored on a weekly basis. 
The physical parameters of the aquaria and the weather condition were also noted. 
The fluctuation of zooxanthellae and chlorophyll-a densities was correlated with 
sedimentation effects or ambient condition. The tolerance of corals towards 
continuous sediment application was also revealed. 
Chapter 6. Short-term sediment burial effects on Platygyra sinensis and Goniopora 
columna 
Sediment burial may result from high sedimentation. The lethal time for corals after 
short-term burial was examined. The zooxanthellae and chlorophyll-a densities of 
these coral species were monitored before and after short-term sediment burial. 
Changes in these parameters could be good indicators for burial effects. Some 
understanding of the mechanisms involved in coral mortality under sediment burial 
was also obtained. 
Chapter 7. Summary 
This chapter sums up the findings in this study. The significance of these findings are 




The Physical Parameters of AMW and AYW in Ping Chau Island 
2.1 Introduction 
Ping Chau, located on the northeastern part of New Territories, Hong Kong Special 
Administrative Region (HKSAR), China, is a bean-shaped island with an area of 
approximately 530 hectares. The marine environment of Ping Chau was little studied. 
The significant features of this island have been recognized by Morton and Morton 
(1983) for being one of the few areas with intertidal corals. This island is surrounded 
by coral reefs on its north northeastern shore, and by extensive bed of algae on its 
south southwestern shore. The most comprehensive study on Ping Chau marine 
environment was done by Ang (2000) as part of the programme of the Agriculture, 
Fisheries and Conservation Department of the HKSAR Government to establish Ping 
Chau as a marine park or marine reserve. 
The physico-chemical parameters of Ping Chau were monitored bimonthly for a 
whole year from Nov 1997 to Sept 1998 (Ang 2000). Temperature ranged from 17 
� C in January to 30 °C in July. Turbidity and suspended solid content remained low 
throughout the year and did not exceed 2.0 NTU and 4.0 mg/1 respectively. Dissolved 
Oxygen showed a strong compliance with Water Quality Objectives in Mirs Bay 
Water Control Zone established by the Environmental Protection Department (EPD) 
of HKSAR Government. The EPD water control zones monitoring data (EPD 1999) 
indicated that the water around Ping Chau Island is one of the cleanest in Hong Kong 
waters. 
The parameters measured in the above studies could not truly reflect the 
11 
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sedimentation condition of coral communities in Ping Chau because either the 
sampling sites were too far from the shore or the water samples were taken on the 
surface only. The dynamics of the physical condition of the water was not revealed in 
the bimonthly measurements. Therefore, in order to find out more about the 
sedimentation condition, the following parameters were measured in close proximity 
to coral communities in this study: sedimentation rates, particle size for trapped 
sediments, total suspended solid (TSS) and relative light penetration (RLP). These 
findings were useful in supporting the subsequent sedimentation impact studies on 
dominant corals. The data on sedimentation rates could be used as references to 
determine the amount of sediments to be used in short-term sediment rejection 
efficiency studies (Chapter 4) and long-term sublethal sediment application 
experiments (Chapter 5). The composition of sediment used in these experiments 
was also based on the results of the particle size analysis. 
2.2 Materials and Methods 
The study sites were located on the north northeastern shore of Ping Chau. A Ma 
Wan (AMW) is in the northeast while A Ye Wan (AYW) is in the north along the 
eastern shore (Chapter 1.1). The choice of two different sites for this study allowed 
inter-site comparison to be made among the different parameters measured. 
2.2.1 Sedimentation rates 
Cylindrical PVC vessels (traps) with 5 cm in diameter and 15 cm in height were set 
up at 50 cm and 10 cm above the bottom (Plate 2.1). The aspects ratio of three 
between the height and width of a cylinder followed that suggested by Gardner (1980) 
for efficient field measurement of sedimentation rates. Each site had six sets of PVC 
vessels, three at shallow water (-Im C.D.) and three at deep water (-3m C.D.). A total 
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of 24 traps was placed m Ping Chau waters. The 10 cm traps were set up to account 
for the resuspension of sediment from the bottom. A mesh was mounted at the 
opening of each vessel to prevent disturbance of the sediment collected by marine 
organisms like fish. 
The traps were replaced monthly from Nov 1998 to May 2000. The sediments 
trapped were dried in laboratory and weighed. Sedimentation rates were calculated 
over the placement period of the traps and expressed as mg.cm'^.day"'. 
2.2.2 Particle size analysis for trapped sediments 
Sediments collected in the sediment traps were quantified proportionally into 
different components, namely sand, silt, and clay particles defined as 2.0 to 0.05, 
0.05 to 0.002，and <0.002 mm in diameter, respectively. The particle size analysis 
was measured by standard hydrometer technique (Gee & Bauder 1982). 
2.2.3 Total Suspended Solid (TSS) 
Three seawater samples were collected once a month at each study site during March 
1999 to March 2000 to determine the total suspended solid loads in near bottom 
water. Samples were collected by divers using pre-cleaned containers and were 
transported to the laboratory. 
A pre-measured volume of well-mixed samples was then filtered through a 
pre-weighed polycarbonate filter with a pore size of 0.45|am, followed by a second 




2.2.4 Relative Light Penetration (RLP) 
The amount of light reaching the coral colony surface was measured using a light 
metering instrument, Ikelite digital light meter (DM 4200). The meter was set to 
incident light readings with ambient mode (EV Value). The values range from 1 to 
19.9. The value readings were taken at the same time as the water sample collection. 
The amount of light was measured in a relative term as a ratio between the light 
intensity reading at just above the colony surface and that above the water surface. 
2.2.5 Statistical Analysis 
The significant effects of sites, water depths and trap depths on sedimentation rates 
were tested with Two-way ANOVA with Repeated Measures. Sedimentation rates 
between sites, AMW and AYW, and the trap depths, 10-cm and 50-cm, were 
compared by t-test to find out their significant difference in different months. 
Pearson correlation analysis was used to find any correlation between TSS and RLP. 
2.3 Results 
2.3.1 Sedimentation rates 
The sedimentation rates of AMW and AYW ranged from the lowest of 0.87 
mg.cm-lday-' in AMW in July 1999 to the highest of 275.9 mg.cm-lday^ in AMW 
in June 1999 (Fig. 2.1). The variation in sedimentation rate was as large as three 
orders of magnitude. The fluctuation of the sedimentation rates was significantly 
different among months at AMW (ANOVA with Repeated Measures, df = 1，F = 
31.61, p < 0.05) and AYW (ANOVA with Repeated Measures, d f = 1,F = 34.61, p < 
0.05). No significant difference was found between water depths of the traps. Figure 
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from different depths. A seasonal pattern was observed with high sedimentation rates 
occurring in summer and autumn and low rates in winter and spring. High 
sedimentation rates were closely related to the occurrence of typhoons (Fig. 2.3). 
Everytime after a typhoon, the sedimentation rates increased dramatically. 
The two study sites, AMW and AYW, have significantly different sedimentation 
rates (Two-way ANOVA with Repeated Measures, d f = 1, F = 504.23, p < 0.005). 
AMW showed significantly higher sedimentation rates than AYW during most of the 
months. In both sites, the 10-cm traps had collected significantly higher amount of 
sediments than the 50-cm traps during typhoon seasons (Fig.2.2) (Two-way ANOVA 
with Repeated Measure, d f = 1,F = 308.83, p < 0.005). 
2.3.2 Particle Size Analysis 
The particle size analysis was performed on sediments collected from the sediment 
traps. As sedimentation rates were low in the winter period, the quantities of 
collected sediments were not enough to carry out further analysis. Therefore, during 
these periods, sediment samples from several months (Feb-Apr and Nov-Feb) were 
combined for analysis. 
The main component of the sediment was silt, which made up 50% of the sediments 
in all different months (Fig 2.4). The main difference in the sediments among months 
was the change in clay and sand compositions. In Feb-Apr 1999, clay and sand 
shared similar proportion (20%), but in the subsequent typhoon season, sand became 
dominant. The mean sand composition varied from 30% to 41% in AMW and from 
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2.3.3 Total Suspended Solids (TSS) 
The Ineans of TSS ranged from 4.8 to 22.0 mg/l and 8.5 to 16.4 mg/l in AMW and 
A YW respectively (Fig. 2.5). The fluctuation of TSS was not as large as that of 
seditnentation rates and no significant difference was found between months. No 
clear trends were found in both sites. Moreover, no significant difference in the TSS 
was found between AMW and A YW. 
2.3.4 Relative Light Penetration (RLP) 
The percentage of light penetration at the two study sites for a year period is shown 
in Fig 2.6. The fluctuation was limited to a narrow range from 82% to 90%. The light 
attenuation due to water depth was not significant in the shallow water « -3m C.D.). 
The reduction could be significant under very turbid environment. However, since 
most of the measurements were undertaken in caltn condition, the water column was 
not very turbid. 
A simple negative correlation is expected between the total suspended solid 
concentration and the relative light penetration. As turbidity increases, light reaching 
the bottom of the water column will be reduced due to light scattering and reflection. 
But in this study, the result showed no correlation between these two parameters 
(Pearson Correlation r = 0.209, n = 69, P = 0.35). 
2.4 Discussion 
Extreme high sedimentation rates were recorded in the study sites during typhoon 
seasons. Strong wind caused vigorous wave action in the ordinarily calm sheltered 















































































































































































































































































































































sediments. This is evidently shown in Fig. 2.2, where the 10-cm traps had 
significantly higher amount of sediments than the 50-cm traps during typhoon 
seasons. The major cause of high sedimentation rates in summer probably resulted 
from high resuspension. Moreover, high rainfall could also be a factor contributing to 
high sedimentation rates. 
AMW had significantly higher sedimentation rates than AYW most of the time. The 
difference was more prominent during high sedimentation rate periods. A seasonal 
river located in close proximity to AMW could have brought a significant amount of 
silt to the site during heavy rainfall. The difference in the orientation of AMW and 
AYW could have resulted in different wind strength and wave actions experienced 
and hence affected the sedimentation and resuspension rates in each site. 
By comparing sedimentation rates of this study with other records from other parts of 
the world (Table 2.1), it was found that other sites generally have low sedimentation 
rates (<10 mg.cm-lday') under normal conditions comparable to those recorded in 
this study. However, during storms or typhoon seasons, sedimentation rates would 
greatly increase to high values (600 mg.cm-lday') . It is reasonable to suggest that 
during the typhoon period, extremely high siltation condition would affect the coral 
communities in the study area, Ping Chau. The actual sedimentation rates during the 
typhoon period were probably underestimated in this study since the collection and 
replacement of sediment traps were not exactly carried out before and after the 
typhoon. In Fig 2.3, one data point of AMW (20 May 1999) showed a low 
sedimentation rate value in between the effects of two typhoons. This suggested that 
































































































































































































































































































































































































































































































































































































































The shift in the sediment composition to less clay and more sand during the typhoon 
season was due to strong waves stirring up the bottom sand sediment back into the 
water column, resulting in more sand collected in the traps. This result agreed well 
with the findings of Stafford-Smith (1993) under similar situation. 
The amount of total suspended solids found in this study was higher than that 
reported in Ang (2000) and EPD (1999) marine water monitoring in Mirs Bay Water 
Control Zone. Their findings were generally within 5 mg/L. The main reason for the 
large deviation may be due to collection site difference. In this study, water samples 
were collected by SCUBA diving right above the coral communities and the 
collection sites were likely to be closer to the shore than the other studies. Shallow 
water with breaking waves would result in higher concentration of suspended solids 
than in deeper open water. 
Since all the values reported represent sediment loads during relatively calm 
conditions and are considered to be low relative to higher loads following storms, 
these could not reflect the true fluctuation of suspended solids concentration in the 
study sites throughout the year. A continuous measuring device to monitor the 
fluctuation of suspended solids on a daily or even hourly basis would be the best way 
to understand such dynamic parameters. 
The light meter used in this study was originally designed for photographic purposes. 
The reading values were up to one digit only. This was more robust when compared 
with a radiometer/photometer. This equipment can read out the amount of energy 
received at the corresponding small sampling area in term of |imol.m"ls"'. 
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No correlation was found between total suspended solids and relative light 
penetration. This may be due to the limitations of sensitivity of the measuring 
equipment used to measure both the turbidity and light intensity such that small 
range of changes in these values in the study sites under normal condition was not 
accurately detected. However, it is also possible that the total suspended solid (TSS) 
concentration may not truly reflect the turbidity of the water column. The amount of 
TSS may be too low to have any significant effect on light attenuation such that even 
if a more sophisticated equipment was used, like a turbidimeter measuring turbidity 
in Nephelometric Turbidity Unit (NTU), no correlation between TSS and RLP would 
be found. 
2.5 Summary 
AMW and AYW generally have low sedimentation rates during normal days. The 
high sedimentation rates recorded during the typhoon periods may be underestimated. 
The difference in the two study sites was probably due to different orientation and 
close proximity to seasonal river in one site but not the other. Strong resuspension of 
the sediments under the effects of wave actions was one of the reasons for high 
siltation condition. The shift from clay to sand composition of trapped sediments was 
also the result of strong wave action and turbulence. The monthly measurements of 
total suspended solids and relative light penetration could not truly reflect the high 
variation of sedimentation condition in the study areas. Ideally, continuous automatic 
recording of light intensity and turbidity would provide a better picture of the 




The Growth Rates of Platygyra sinensis and Goniopora columna Under Different 
Sediment Load Environments 
3.1 Introduction 
Sedinlentation and turbidity (either naturally occumng or anthropogenic) are 
detrimental to corals for a variety of reasons. Hermatypic corals are dependent to a 
certain extent on light for their growth and well being. Turbidity, as a result of light 
scattering fronl sediment particles in the water column, reduce~ illumination and 
hence a vital source of energy. In addition, rejection of sediment particles by a coral 
requires time and energy that could otherwise be used for food capture, growth, 
skelet.al repair, or reproduction. This explains why growth would be lowered with 
increase in sedimentation rates. Dodge et al. (1974) found a definite inverse trend 
between re-suspension values of sediments and coral growth. High re-suspension 
decreases the variability in growth. Dodge & Vaisnys (1977) further pointed out that 
dead corals, of Diploria labyrinthiformis and Diploria strigosa, have skeletal 
pattenlS of growth which show a Inarked decline in growth for several years prior to 
death due to high sedimentation and turbidity from dredging activity. On the other 
hand, some studies showed that there is no significant relationship between coral 
growth and sedimentation (Chansang et al. 1992, Bames & Lough 1999). Coral 
growth does not appear to be a simple indicator of excessive sedimentation alone. 
Skeletal growth is a function of linear extension, bulk density, and calcification, 
paranleters which can vary independently (Bames & Crossland 1982, Dodge & Brass 
1984). (Jrowth can vary greatly between colonies of the same species under similar 
environmental conditions and even within a single colony (Brown & Howard 1985). 




Buddemeier & Kinzie (1976) reviewed studies on coral growth. The varied 
methodologies used in measuring coral growth have their own characteristics and 
limitations. Therefore, it is important to select an appropriate method to achieve the 
study aim. Several different coral measurement methods are compared in the 
following sections with brief description of their procedures. These included staining 
method by Alizarin Red S, X-ray radiography for growth bands, photography or 
video recording, counting number of polyps, accurate buoyant weighing, and 
concrete nail method. 
3.1.1 Staining by Alizarin Red S 
The use of sodium alizarinsulphonate to stain the skeleton deposited by living corals 
was developed by Barnes (1970, 1972). This method could be applied to corals both 
in aquaria and in situ. The preferred concentration of the dye at 10 mg/1 - 20 mg/1 is 
introduced into polyethylene bags tied around the coral colony without detaching it 
from the substratum. Above roughly 30 mg/1 the compound forms a flocculent 
suspension by reaction with the calcium ions in sea-water. The duration of staining 
varies from 6 hours to 3 days. Repeated staining after a certain period could form 
visible stained bands, and the distance between them indicated the order of staining 
and hence the direction of growth of the carbonate crystals in the skeleton. 
After the invention of this staining method, many authors (e.g. Gladfelter et al., 1978; 
Guzman & Cortes 1989; Chansang et al., 1992; Selina 1995; Harriott 1998) adapted 
this method without much changes to measure the growth of different coral species. 
Usually，linear extension could be obtained to the nearest mm value by measuring the 
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growth bands with a caliper. Dodge et al. (1984) doubted the possible effects of 
alizarin staining on coral calcification rates. He used buoyant weighing method to 
verify the effects of alizarin dye on Diploria strigosa in a relatively very short time, 
18-day period. The result showed that exposure of corals to a concentration of 10 
mg/1 alizarin for 24 hours in a flow-through system did cause a significant depression 
in calcification for a period of up to 6 days. But this effect is negligible if the 
measurement is taken for a long period to allow sufficient recovery. 
Gladfelter et al. (1978) measured the growth of five Caribbean reef-building corals 
by staining them in situ with plastic bags while Guzman & Cortes (1989) collected 
eight coral species in the Eastern Pacific and placed them back after staining them in 
aquaria for several hours. The former approach has the difficulty of controlling the 
concentration of dye in staining bags. The later one is only possible for small 
colonies and the transportation will cost more. In general, Acropora spp. are usually 
the dominant species in different studies hence branching form measurement is more 
frequent than other growth forms. Apart from measuring the linear growth rate, 
calcification rate can also be obtained by removing new (unstained) growth, 
weighing it, and dividing this by the perimeter of the branch at the base of the new 
growth. This value (g/cm/time) relates calcification to the original amount of 
calcifying tissue present. 
The advantages o t � t h e staining method include the simplicity of equipment and 
design and hs applicability to corals both in the field and in laboratory. Its unique 
advantage is the identification of the entire growth surface at the time of staining so 
that growth in any direction may be measured or compared when the sample is 
retrieved and sectioned. Its disadvantages include the necessary manipulation at the 
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time of staining, and the fact that the measurement itself requires sacrificing the 
animal, so that successive growth increments can be measured only by repeated 
staining before sectioning. Short-term measurement will be inaccurate and 
impossible by this method. 
3.1.2 X-ray radiography for growth bands 
Some coral species establish growth bands and hence their growth rates can be 
studied using X-rays. Dodge et al (1974) described the effects of bottom sediments 
on the growth rate, as determined by X-ray radiography, of Montastrea annularis in 
Jamaica. Since M. annularis shows annual banding, measurement of band widths 
allows precise determination of yearly growth increments. Hemispherical coral heads 
were collected and sectioned into slabs about 2 cm thick on a rock saw. The slabs 
were prepared and X-radiographed using the techniques of Knutson et al. (1972). 
Band widths of each specimen were measured along several line transects drawn on 
the X-ray positive. Buddemeier et al (1974) suggested the thickness of vertical slices 
should be 4 to 10 mm. X-ray exposures were made using either a Baltospot 200 or a 
Faxitron 805 radiographic unit. Kodak type AA or M film was used, and exposure 
KVP values ranged from 15 to 160KV, depending on specimen thickness and 
source-to-film distance. After developing, the X-ray negatives revealed the pattern of 
skeletal structures and density variations within the sample. The measurement was 
done as follows: X-radiographs of selected coral sections were laid on a light table 
under a transparent overlay; straight lines through regions of well-defined band 
patterns were drawn from the center of the section to the outer edge; the borders of 
light and dark images on the negative were marked along the axis, and the distances 
between marks measured and recorded. Precision and accuracy of these 
measurements is estimated to be ~ 0.3 mm. 
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Other growth rate studies (Highsmith 1979, Hubbard & Scaturo 1985, Guzman & 
Cortes 1989, Lough & Bames 1992) using X-radiography follow the same principle. 
The major difference is in the film developing skill. 
X-radiography of annual bands for measuring growth rate has the advantage of 
knowing the growth history of the colony by observing the high and low density 
region from the skeleton and at the same time knowing the age of that coral. This 
method is relatively time saving since growth rates of many coral species can be 
obtained from one time collection and examination, no pre-treatment is needed. 
The disadvantage is that coral colonies have to be sacrificed. Moreover, since not all 
the coral species show annual growth bands in their skeleton, this method can only 
be applied to some species. The technique of using X-ray and film development is 
quite sophisticated for general laboratory. 
3.1.3 Photography or Video recording 
These two methods are different from the above since the dimension of growth 
measure is changed from linear to two dimensional area. The measurement of the 
increase in area covered by the coral or in projected area is of particular importance 
to ecologists interested in the ability of different species to occupy space on the reef 
substratum. Connell (1973) studied areal increase of coral size from the point of view 
of reef occupancy to determine coral age in order to estimate coral population 
dynamics. Stephenson & Stephenson (1931) used a tailor-made apparatus to take 
photographs on their studied corals at each time with an exact angle. Though the 
result was satisfactory, the apparatus was robust and large, attaching coral heads were 
not suitable. Tarn (1998) used video-recording method plus using image analysis to 
32 
Chapter 1 
monitor the coral communities in Hong Kong. This can produce an acceptable result 
if the pictures were taken at the same angle each time. 
The advantage of using photography or video recording is that continuous 
measurement is possible since they are non-destructive to coral colonies. The 
equipment required is relatively simple and easy to use. 
The disadvantage seems to be related to the use of area as a growth measurement. 
The critical problems are the definition of what area is to be used and its reproducible 
measurement. 
3.1.4 Counting the number of polyps 
Another area-related measurement of coral growth depends on an assumed relative 
uniformity of polyp size. If the maximum size of polyps is constant for a given 
species in a given locality then the change in the number of polyps in a period of 
time is a measure of the change in the amount of living coral. This method is very 
suitable for the newly recruited coral colony but restrictive to the old colony because 
of the very large number of polyps in older corals. Oulastrea aspera should be the 
most suitable species no matter if it is old or not since their colony size is small and 
the corallites can be counted. The advantages and disadvantages are very similar to 
those of photography and video recording. 
3.1.5 Accurate buoyant weighing technique 
Due to the variability in the shape of coral colonies, their non-uniform growth, and 
the difficulties in obtaining repeatable measurements from the same colony, all 
measures of coral growth based on some power of length are subject to various errors. 
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Measurements of weight increase are potentially the most precise and repeatable 
measures of corallum growth. Davis (1989) suggested using accurate buoyant 
weighing technique to do a short term monitoring on coral growth. Electronic 
balance should be used and hence the accuracy can be within 0.000 Ig. 
This method is simple, inexpensive, and can provide accurate and rapid measurement 
of coral growth. There are still several restrictions on the use of this method. First, it 
cannot be used in situ to measure the growth of coral colony attached to bottom 
substratum. Second, a relatively stable condition should be provided to allow 
accurate measurement to take place. Third, corals having borers are not suitable for 
this method. 
3.1.6 Concrete Nail 
A relatively simple, inexpensive and easy method to measure growth rates of 
different coral species is the use of concrete nails to drill into coral colonies. Then 
the initial and final lengths of the nail is measured after certain time. The linear 
growth rate can be worked out. However, the disadvantage of this method is surely 
that the inserted nail would hurt the coral and hence affect the growth rate, but the 
extent of this impact has not been evaluated. Moreover, no other author has used this 
method to do growth rate measurement. 
The characteristics of coral measurement methods are summarized in Table 3.1. In 
this study, a suitable method would be used to measure the growth rates of both 
Platygyra sinensis and Goniopora columna in two sites with different sediment loads. 








































































































































































































































































































































































3.2 Materials and Methods 
Staining method by Alizarin Red is relatively inexpensive and easy to use, and is 
applicable in both aquaria and field. This method was used to measure the growth of 
Goniopora columna but not Platygyra sinensis in AMW and AYW. The massive 
castle-liked growth form of Platygyra sinensis made it impossible to be enclosed 
within a plastic bag in the field. 
In Hong Kong, the coral skeleton and growth band of Platygyra sinensis was studied 
by Scott & Cope (1986). Mean annual growth of Platygyra sinensis colonies in Tolo 
Channel was 8.1 mm/year. Due to the limited resource and special technique 
involving X-ray, this method was not employed in this study. Instead, the growth rate 
of Platygyra sinensis was measured by inserting the concrete nail on the top of the 
colony as a reference. By subtracting the length of exposed nail above the colony 
before and after a year interval, linear growth of the colony can easily be worked out. 
Thirty-six P. sinensis colonies were nailed in AMW and AYW on Jan 1999. The 
initial length of remaining nail on the top of the colony was recorded. These 
measurements were repeated on Aug 1999 and Feb 2000. 
In addition, during the course of the year, some samples were cut and collected for 
other related experiments. The remaining parts of the cut colonies were monitored 
for their recovery growth. Eleven P. sinensis colonies were cut on Mar 1999 and 
revisited on Feb 2000. The maximum length of the recovered tissue on the top flat 
surface of cut colonies was measured. This was calculated as the lateral linear growth 
rate oiPlatygyra sinensis. 
Marked Goniopora columna colonies in AMW and AYW were enclosed in a plastic 
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bag tied by nylon strings. A water bottle containing dissolved Alizarin Red S stain at 
a concentration of 2000 mg/1 was brought to the field. The staining solution was 
injected into the plastic bag. It was difficult to control the optimal concentration at 20 
mg/1 under field condition. Instead, knowing that the dye forms a flocculent 
suspension by reaction with calcium ions in seawater at roughly 30 mg/1 (Barnes 
1972), the injection was stopped once flocculent suspension appeared. The staining 
lasted for 24 hours and the bags were collected back. Goniopora columna folly 
extended their polyps inside the bag. Nineteen colonies were stained in AMW and 17 
in AYW on Jan 1999. The repeated staining was done on Oct 1999. Most of the 
colonies were collected back to the laboratory on Mar 2000. 
Growth measurement was carried out after cleaning the tissues by soaking colonies 
in Clorox over night. The specimens were sawed in half along the maximum growth 
axis. The distances between Alizarin red lines and growing edge were measured as 
linear growth during the staining interval, which were then calculated as the 
maximum extension rate (mm/year). 
3.3 Results 
Alizarin Red S was used in Goniopora columna with satisfactory result. The 
columnar growth form of G. columna with thinner branches at their base allowed the 
plastic bag to be enclosed effectively for overnight staining. The method is relatively 
simple but can produce quite accurate result over a year period. The growing pattern 
of a colony was also revealed from the stained line. 
The growth rates of Goniopora columna were calculated to be 16.1 土 2.3 mm/year 
and 16.9 土 1.2 mm/year in AMW and AYW respectively. No significant difference in 
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growth rate was found between sites (t-test, d f = 29, F = 0.655, p = 0.425). 
Nailing method was used in Platygyra sinensis but the result is not satisfactory. The 
hammering action of the nail caused a direct damage to coral colonies. The inserted 
nail rusted, hindering the damaged coral surface from recovering. It would take over 
3 months for the tissue to re-grow in the damaged area. The over-growth of the tissue 
on the nail surface was not observed in a year. Moreover, some nails were lost and 
loosened. The nails could not be securely attached on the coral colonies. 
The growth rates oiPlatygyra sinensis were shown in Fig. 3.1. In the first half-year 
of 1999, the mean growth rates were 4.6 mm/year and 4.5 mm/year in AMW and 
AYW respectively. The rates were higher in the second half-year (5.4 mm/year in 
AMW and 5.9 mm/year in AYW). No significant difference was found between 
AMW and AYW (ANOVA, df = 1, F = 0.244, p = 0.662). However, the growth rates 
of P. sinensis were significantly different between the first half year and the second 
half year (ANOVA, d f = l , F = 6.244, p = 0.014). The lower values of growth rates in 
the first half-year were likely due to the relocation of energy from growth to recovery 
from injuries. 
3.4 Discussion 
For both species of corals, the growth rates showed no difference among sites. 
Though AMW had significantly higher sedimentation rates during summer seasons, 
it had not affected the growth of corals. On the other hand, many different factors 
may act in various ways to affect the growth of corals. 
Comparing with the previous published data, growth rates in this study were also 
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Figure 3.1 The growth rates of Platygyra sinensis in AMW and AYW 
Means of different letters (a,b) are significantly different (p<0.05, t-test) 
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lower than colonies in Tolo Habour and Channel (Scott & Cope 1986). Mean annual 
growth of all Platygym sinensis colonies in Tolo Channel was 8.1 mm/year. While 
there may be spatial variation in growth rates between corals from Ping Chau and 
Tolo Channel these differences may also likely to be a result of the use of different 
measuring methods. Precision and accuracy of X-ray radiography is estimated to be 
� 0 . 3 mm.By using this method, the history of different growth rates in the past was 
also shown. On the other hand, nailing method was done in situ. The most precise 
measurement that can be achieved is only 1mm. 
In contrast, the lateral growth rates of Platygym sinensis of those cut colonies 
showed significantly higher values than those of linear growth rates. The mean coral 
growth rate was 22.7 士 5.7 mm/year. The major difference between lateral growth 
and linear growth is that lateral growth involved the extension of peripheral coral 
tissue while linear growth resulted from the increment of calcium carbonate 
deposited by the living tissue. The fast horizontal growing tissue can over-grow the 
exposed skeleton. After the coral heads of P. sinensis were cut, there was a new space 
available for colonization. The bare space was first occupied by filamentous algae in 
most colonies. After the tissues recovered from the cutting damage, the cut-edge 
tissues grow laterally at a very fast pace. This ability allowed the bare parts of these 
colonies to be recolonised by their own tissues as soon as possible to avoid invaders. 
Observing the dead skeletons of some large Platygym sinensis colonies, it was not 
difficult to find traces of exposed part being overgrown by living tissues. Other 
studies on coral growth rate measurements in Hong Kong were done in High Island 
Dam (Scott 1984, BCL 1994). The study was based on the establishment of new 
coral colonies on artificially placed concrete blocks. By measuring the size of the 
colonies and dividing this by the number of years these concrete blocks have been 
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put in place, the growth rates of several coral species were recorded (Table 3.2). The 
horizontal growth rates were almost 20 to 60 times higher than the vertical growth 
rates. These growth rates are between one half and one third of those recorded in 
tropical locations (Scott 1984). Though no direct comparison of growth rates 
between High Island study and this study can be done, High Island Dam corals were 
likely to be growing more along the horizontal rather than the vertical plane. One 
possible reason is that the site is affected by strong wave action and current. Coral 
colonies that grow in this environment tend to be flat. Such flattened coral colonies 
can also be observed in other highly wave-exposed environment, like Lung Lok Shui 
on the southern shore of Ping Chau Island. 
The vertical linear growth of Platygyra sinensis in the shallow water (-Im C.D.) was 
also limited by physical factor i.e. tidal range. As coral cannot survive in exposed 
environment for a long period, no coral can grow to the height reaching the intertidal 
zone. Therefore, it is reasonable to suggest that these large colonies of P. sinensis in 
the shallow water would tend to grow laterally rather than in vertical dimension after 
they reached a certain critical height. It would be interesting to leam the growth 
pattern of P. sinensis by using staining method if the enclosure problem could be 
solved. Moreover, detached colonies of both species could be kept in aquaria and the 
growth rates and growth pattern could be measured by staining method. This could 
provide valuable complementary information for the present field data. 
Coral growth is influenced by many different factors such as availability of food and 
light, temperature and salinity stress, energy allocation to reproduction or growth. It 
is therefore not surprising to find no direct correlation between coral growth rate and 
sedimentation rate in this study. Sedimentation is only one of the many stresses that 
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Table 3.2. Growth rates of different corals in High Island Dam estimated by Scott 
(1984) and BCL (1994) 
After Scott 1984 
Species No. of Mean diameter in Growth per year 
colonies mm (average in 
measured mm/year) 
Montipora in/ormis 10 116 26 
Cyphastrea microphthalma 10 113 25 
Acropora pruinosa 6 112 25 
Montipora venosa 10 97 22 
Cyphastrea serailia 5 80 18 
Po rites lobata 10 75 17 
After BCL 1994 
Species Horizontal growth (mm/yr) Vertical growth (mm/yr) 
Cyphastrea serailia 61.4 1.3 
Faviafavus 63 .6 3.6 
Leptastrea purpurea 67.8 2.0 
Po rites lobata 44.3±13.0 2.5±0.4 
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coral species need to struggle with in the marine environment of Hong Kong and 
elsewhere. It would seem that sedimentation rate in the study site has not reached a 




Sediment-rejection Efficiency of Platygyra sinensis and Goniopora columna in 
situ and in Aquarium 
4.1 Introduction 
Whatever the source, suspended particles from river runoff, coastal erosion or 
resuspension of bottom sediments may finally settle down on the surface of 
scleractinian coral colonies. The covering and overlying of sediment may result in 
tissue death from smothering and abrasion (Rogers 1983) or bacterial infection 
(Hodgson 1990). Sediment also disturbs coral metabolism by decreasing 
photosynthetic production, increasing relative respiration and increasing carbon-loss 
through greater mucus output (Dallmeyer et al. 1982，Telesnicki & Goldberg 1995, 
Riegl & Branch 1995). Corals may employ different means to get rid of settled 
sediments. The major means by which sediment is removed from these corals are 
secretion of mucus, movement of cilia, and extension of polyps. Other indirect agents 
include gravity, water currents and fish browsing (Kolehmainen 1973 in Loya 1976). 
Modification of coral morphological characteristics may help to prevent the 
accumulation of sediments on its surface. Massive hemispherical growth form with 
large calyx size (Riegl 1995), ramose growth form (Roy & Smith 1971), and 
funnel-shaped corals (Riegl et al. 1996) grow better in a high sedimentation 
environment. 
The concept of a threshold sedimentation or turbidity level above which some 
proportion of a species or group of species will suffer mortality, is useful both for 
setting environmental standards for management and in assessing the natural 
environmental controls on species distributions. However, field and laboratory 
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studies indicate that there are considerable inter-specific differences in behavioral 
responses of corals to sediments as well as in their sediment rejection efficiency and 
sediment tolerance. The present study aimed to evaluate the behavioral responses to 
sedimentation of the two common corals, Platygyra sinensis and Goniopora columna, 
in Ping Chau and assess any stress exhibited by the corals under different amounts of 
sediments applied. 
4.2 Materials and Methods 
The sediment rejection efficiency experiments were performed both in situ and in 
aquarium for the two coral species. The influence of wave action for sediment 
rejection was avoided under aquarium condition. It could help in differentiating 
whether the rejection process is active or passive. 
The experiments involved the application of different concentrations of sediments on 
the surface of coral colonies. Behavioral responses of the corals, including retraction 
and extension of tentacles, ciliary movement and the time it took for the sediments to 
be cleared from the coral surface were monitored. Sediments used in the experiments 
were originally collected from AYW. These were first washed with tap water, 
oven-dried over night and sieved through a serious of stainless steel Endicott sieves. 
All sediments employed were <250 jam in size. This is the size range of the major 
component of the suspended particles in the study site as revealed by the sediments 
collected from the sediment traps (Chapter 2.3.2). 
4.2.1 In situ Experiment 
A total of 144 specimens of Platygyra sinensis were selected randomly in AYW and 
AMW at - Im C.D., Ping Chau and marked with a numbered tag. Each sampled 
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specimen represented a coral head of the colonies. The curvature of the specimen 
was assigned objectively into five grades (l =fiat, 5=convex). Another 144 specimens 
of Goniopora columna were similarly tagged and evaluated in A YW and AMW at 
-3mC.D. 
The experimental design involved 6 treatments (1 control and 5 sediment treatments) 
with six replicates per treatment. These treatments were: no sediment (control), and 
10, lOO, 200, 500 and 1000-mg fine sediment.cm-2day-l. The sedimentation rates 
applied were 'within the range of those observed in the field (Chapter 2.1 .1). The 
experiments were repeated five times in each site, AMW and A YW, during the 
period froln April to June 1999. 
A 1 Oxl Ocm quadrat was placed on top of the specimen and sediments, contained in a 
small sampling bottle, were applied on the coral surface as evenly as possible. After 
such application, the percentage of surface cleared, not covered with sediment, was 
estilnated objectively with the aid of an underwater video/camera. At the same time, 
the responses of coral towards sediment application were observed and recorded. The 
observations were taken at half-hour intervals in the first two hours, and again, after 
24 hours. 
4.2.2 In Aquarium 
Specimens of Platygyra sinensis and Goniopora columna were collected from AMW, 
Ping Chau. The morphology and size of experilnental colonies were selected for their 
similarities i.e. ",1 Ocm in dialneter. Coral samples were carefully removed with a 
hamtner and chisel from the attached colonies or substrata. They were kept immersed 
in water until brought back to the Marine Science Laboratory (MSL), CUHK. Within 
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an hour, specimens were transferred into six fabric tanks (80cm x 80cm x 50cm). 
They were maintained for two months for acclimation prior to their use in the 
experiments. During this period, coral samples were observed for any sign of 
stressful response, e.g. bleaching due to their translocation to a new environment. No 
bleaching and mortality were found among the tested samples. They acclimated to 
the environment as evidenced by the growth and recovery observed on their cut 
edges. 
The experiments conducted at MSL aquaria followed a similar protocol as that 
carried out in the field except that the number of replicates per treatment was reduced 
to three instead of six. 
4.2.3 Statistical Analysis 
The percentage of cleared area exhibited by Platygyra sinensis and Goniopora 
columna was tested for the significant effects of sites (AMW, AYW and Aquaria), 
sediment application (six treatments) and convexity of the morphology (in P. sinensis 
only) using a Two-way ANOVA. The difference in the clearing efficiencies of the 
two coral species was tested by Paired t-test. 
4.3 Results 
4.3.1 Behavioral responses 
The behavioral responses of Platygyra sinensis and Goniopora columna to sediment 
applications were the same in situ and in aquarium, although each species responded 
quite differently. No observable changes were detected after the influx of sediment 
on P. sinensis except in some instances where there was some tentacle motion. 
Mucus secretion, polyp extension and mesenterial distension were not recorded for P. 
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sinensis during the experimental period. In contrast, Goniopora columna retracted 
their extended polyps once they were in contact with the applied sediment. Large 
amounts of sediments (e.g. >500mg.cm"lday"^) would cause a total retraction of their 
polyps and the rounded colony head would be covered with a layer of sediment. The 
retracted polyps would re-extend within half an hour but foil extension would take 
about two hours. 
4.3.2 Treatment effects 
The percentage changes of area cleared of sediments of Platygyra sinensis and 
Goniopora columna under different sedimentation treatments in AMW, AYW and 
Aquaria are shown in Figs. 4.1，4.2 and 4.3 respectively. In AMW, different amount 
of sediments applied to the specimens resulted in the differences in the initial area 
cleared that varied from 7.6% (1000 mg.cm-^day' treatment) to 100% (control). 
Both species showed a similar pattern in their clearing efficiency. The curves were 
the steepest in the first two hours (except the control). After the first two hours of 
sediment influx in all treatments, P. sinensis showed almost 90% (86.7% _ 98.3%) of 
the area cleared while G. columna had from 44.2% to 96.7% of the area cleared. 
After 24h, almost all of the P. sinensis colonies were cleared of sediment coverage, 
but up to 40% of the areas in G. columna colonies were still covered with applied 
sediments in 1000 mg.cm-^day' treatment. In the latter case, some of the remaining 
sediments were forming sediment-ball in crevices. There was a tendency for G. 
columna to have more sediment retained on the surface of colonies as the sediment 
loads increased. 
4.3.3 Convexity of Platygyra sinensis 
For P. sinensis, the convexity of its colonies showed no significant difference on 
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Figure 4.1. Mean percentage of cleared area (士SD) in P, sinensis and G. columna in 
AMW at different times after exposure to different sediment treatments, n = 6. 
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Figure 4.3. Mean percentage of cleared area (士SD) in P. sinensis and G. columna in 
Aquaria at different times after exposure to different sediment treatments. n = 6. 
51 
Chapter 1 
percentage of area cleared (Two-way ANOVA, df = 4, F = 1.20, p = 0.32). It 
indicated that hemispherical shape and flat shape colonies had similar rejection 
ability. The sites (AMW, AYW and Aquaria) also had no significant effect on the 
clearing ability of corals (Two-way ANOVA, df = 2, F = 1.72, p = 0.19). The 
wave-less conditions in aquarium had no significant hindering effect for P. sinensis 
to clear its surface sediments. Only the difference in the amount of sediment 
applications exerted a significant effect on corals efficiency to clear their surface 
sediment (Two-way ANOVA, d f= 5, F = 95.62, p < 0.005). 
Platygyra sinensis and Goniopora columna showed a significant difference in their 
clearing ability (Table 4.1). P. sinensis was more efficient in sediment rejection than 
G. columna under different sediment influxes. 
4.4 Discussion 
The difference in the behavioral responses of Platygyra sinensis and Goniopora 
columna towards sediment influx can be accounted for by their structural differences. 
Platygyra sinensis belongs to the family Faviidae with massive growth form and 
meandroid corallites arranged in valleys (Veron 1986). Like many of the 
scleractinians, its polyps are extended only at night. The hemispherical dome shaped 
projections encourage the passive sliding off of the sediments. The less-obvious 
millimeter long tentacles also play a major role in sediment rejection. The wave-less 
environment in the aquaria at MSL resulted in a similar percentage of sediment 
clearance for P. sinensis as that under field condition proved that clearance of 
sediment was an active sediment rejection process rather than a passive one. Riegl 
(1995) had worked on Platygyra daedalea, a very close relative of P. sinensis with 
similar morphological structures. He found no significant difference in the overall 
52 
Chapter 7 
Table 4.1 Results of Paired t-test comparing the rejection efficiency between 
Platygyra sinensis and Goniopora columna at different time intervals after exposure 
to different sediment load applications. 
Time (h) [t ^ 
TimeO TMQ W I O ^ 
Time 0.5h 16.070 T07 <0.001 
Time Ih 15.142 T ^ ^ O W l 
Time 1.5h 14.695 T ^ <0.001 
Time 2h 13.569 W ^OOOl 
Time 24h 1 3 3 ^ W7 ^ o M I 
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clearing success between the hemispherical and the flat groups and that there was no 
correlation between sphericity and clearing efficiency after 1000 min experimental 
period. This suggested that there were other morphological and behavioral factors 
involved in sediment removal. He concluded that Platygyra daedalea used inflated 
polyps and ciliary activity for sediment rejection. However, this could not be proven. 
Stafford-Smith (1992) studied Leptoria phrygia which also belongs to family 
Faviidae with very similar morphological characteristics to those of Platygyra 
sinensis. She found that in the absence of sediment influxes, its polyps remained 
retracted during the day except when storm cloud cover reduced light to an early 
dusk level. They expanded at dusk and remained expanded until dawn with only 
occasional temporary retractions. When sediment was applied to expanded or 
partially expanded polyps, they retracted immediately and only re-expanded as 
sediment was removed from the region. These polyps were unable to expand fully 
with more than a scatter of sediment grains on the surface. Sediment influxes, or 
accumulated sediment, would therefore have a major influence on heterotrophic 
feeding at night. Though no sedimentation experiment was done at night in this 
present study, it is reasonable to predict that P. sinensis would behave in the same 
way as Leptoria phrygia. 
Goniopora columna belongs to the family Poritidae. The colonies with short columns 
which are oval in transverse section (Veron 1986). The brownish long polyps with 
bright tentacles are usually extended during daytime. This behavior is related to 
photosynthesis to maximize light capturing ability. With a stimulus such as sediment 
settlement, it responded quickly by withdrawing the polyps in order to avoid 
inflicting physical damage to its delicate tissues. After less than 30 min, the polyps 
extended back to restore its photosynthetic function. Sediments could not be 
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effectively removed in between the extended polyps while these sediments were 
slowly transferred to the lower parts or gaps on the colonial surface. As the 
accumulation process continued, the sediment-covered parts would finally die. This 
strategy could be similar in function to Turbinaria peltata's "sacrificial sediment 
trap" suggested by Riegl et al. (1996). Rogers (1990) proposed that colonies growing 
in high siltation environment would likely have small columnar forms as 
accumulated sediment on edges could kil l the underneath parts. The sediment 
clearing ability of G. columna was not as strong as that of P. sinensis. Extended 
polyps would hinder the sliding-off of sediments. So, sacrificial strategy could be 
employed by G. columna to survive in turbid waters. 
Platygyra sinensis is more efficient in sediment rejection than Goniopora columna. 
The differences could be attributed to their rejection activities. High sedimentation 
rates applied once a day had little impact on their survival and growth. However, for 
corals like G. columna, which employed the sacrificial strategy, long-term siltation 
could have a significant effect. Since more sediments are accumulated in the lower 
parts of the colonial surfaces, the colony would tend to grow upward in smaller and 
smaller columns. Finally, they would become more vulnerable to physical damage 
from storms. 
The different sedimentation treatments used in testing the sediment rejection 
efficiency of these two species of corals cover the range of sedimentation rates 
observed in the field (Chapter 2.2.1) and are also within the ranges used or observed 
in other studies (Rogers 1983; Stafford-Smith 1992; Stafford-Smith 1993; Riegl 
1995). Under all these sediment treatments, both species showed no stressful sign, i.e. 
bleaching, tissue necrosis, mucus secretion. Both Platygyra sinensis and Goniopora 
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columna appear to be more tolerant to sediment effect than the other species studied 
elsewhere. Rogers (1983) found that only a single application of 800 mg.cm'^ to 
Montastrea annularis and of 200 mg.cm'^ to Acropora palmata caused death to the 
underlying coral tissue. Stafford-Smith (1992) revealed that Leptoria phrygia is more 
delicate towards sedimentation. Sedimentation rates considerably lower than 25 
2 ] 
mg.cm' .day- wil l cause the mortality of morphologically vulnerable tissues over 
long periods, and sedimentation rates of 50 mg.cm'^.day'^ or more may result in the 
mortality of these tissues over period of only weeks or even days. 
This experiment simulated the periodic influxes of sediment on corals in nature. 
However, continuous influxes of sediments may also occur and these may affect the 
corals by increasing turbidity, thus inhibiting light penetration needed for 
photosynthesis. Corals subject to continuous influx of sediments would have to be 
able to remove the overburden of sediment continuously in order to survive. This 
represents an even more stressful situation. Further studies have thus been carried out 
to examine the responses of Platygyra sinensis and Goniopora columna towards the 




The Effects of Continuous Sediment Influx on Platygyra sinensis and Goniopora 
columna 
5.1 Introduction 
The impact of sedimentation on coral communities normally happens over a longer 
time hence causing sub-lethal effects on corals. These effects may be in the form 
such as decrease in calcification (Bak 1978), decrease in growth (Dodge et al. 1974), 
and decrease in net production (Dallmeyer et al. 1982, Abdel-Salam & Porter 1988). 
Only a few studies did simulate the increase of sedimentation rate by applying 
sediment on the surface of coral colonies in situ on a daily basis (Rogers 1983) or 
under aquarium condition (Stafford-Smith 1992). However, results from these studies 
were mostly qualitative. Bleaching response is one of the most obvious effects on 
coral under sedimentation stress. Meehan & Ostrander (1997) suggested that coral 
bleaching is a good biomarker of environmental stress but the role of sedimentation 
in bleaching is not well studied. Coral bleaching refers to the loss of symbiotic algae, 
the zooxanthellae, by host corals, or to the loss of pigmentation by the algae 
themselves. 
The symbiotic relationship between zooxanthellae and hermatypic corals is well 
known. These symbiotic dinoflagellates provide the coral polyps with organic carbon 
produced from photosynthesis as a food source and accelerate coral calcification 
rates (Veron 1986). The zooxanthellae population is a dynamic system that changes 
significantly with seasonal variation, although the reasons for such fluctuations have 
been explained in different ways. Stimson (1997) suggested that the density of 
zooxanthellae in any month showed a strong negative correlation with irradiance, 
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and UV radiation. Other authors (e.g. Brown et al. 1999) revealed that sea-surface 
temperature and photosynthetically active radiation (PAR) could be equally 
important in affecting the densities of zooxanthellae and algal chlorophylls on an 
annual basis. Fagoonee et al (1999) further pointed out after a long-term study in the 
field that the variation in zooxanthellae density is better explained by season than by 
temperature (or solar radiation). This indicates that although temperature and solar 
radiation may be important, there may also be other factors related to season that are 
significant. Hoegh-Guldberg & Smith (1989) found that sudden exposure to high 
light intensity would result in the low pigment content of the zooxanthellae rather 
than low population densities of zooxanthellae. In contrast, when Stylophora 
pistillata and Seriatopora hystrix were exposed to high temperature, both species 
bleached rapidly. Bleached corals in this case had reduced population densities of 
zooxanthellae despite normal zooxanthella pigment contents. 
Changes in pigmentation and the processes that caused these changes were studied in 
Montastrea annularis during a natural bleaching event off southeast Florida (Kleppel 
et al. 1989). The results showed that two processes, loss of zooxanthellae from the 
coral and loss of pigments from the remaining zooxanthellae, contributed equally to 
bleaching. Jones (1997) proposed that zooxanthellae loss could be a good 
bio-indicator for stress in corals. 
The previous chapter mentioned that Platygyra sinensis and Goniopora columna 
were able to withstand very high sedimentation rates (1000 mg.cm'lday"') without 
showing any stressful signs. However, the sub-lethal effects of high sedimentation 
rates for a longer period (e.g. one month) was not known. 
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In this study, it is aimed to quantify the sub-lethal effects of sedimentation on 
Platygyra sinensis and Goniopora columna by revealing the changes of both 
zooxanthellae and chlorophyll-a densities during the course of continuous influx of 
sediments in a month period. As the daily application of sediments in the field was 
not feasible, the experiment was carried out in aquarium only. 
Two contrasting outcomes could result from the continuous sediment influx 
experiment. On one hand, i f the sediment stress causes the corals to bleach, then 
zooxanthellae and/or chlorophyll-a densities would drop. On the other hand, 
sedimentation could also affect the amount of light reaching the corals, hence the 
amount of light available for photosynthesis. Therefore, it is possible to result in an 
increase in both zooxanthellae and chlorophyll-a densities in response to light 
reduction. 
5.2 Materials and Methods 
The sub-lethal effects of sedimentation experiments were conducted by first finding 
out the appropriate dosage needed to induce a sub-lethal effect on the experimental 
corals. Too high a dosage may result in early mortality of the corals or too low a 
dosage may have no effect on the corals. The main experiment consisted of the 
constant application of sediment on the corals over a month period. Changes in the 
appearance, zooxanthellae densities and chlorophyll-a concentrations were then 
monitored throughout the experiment. 
5.2.1 Aquaria Set-up 
Six tanks were set-up at The Marine Science Laboratory in the Chinese University of 
Hong Kong. Each tank was approximately 250 liters in volume and was supplied 
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with a continuous flow of seawater (~5L/min). Air was pumped into each tank. The 
whole set-up was under a large transparent plastic sheet to avoid rainy effect. Each 
tank was then covered with black porous mesh to reduce the strong incident light. 
5.2.2 Coral handling 
Coral colonies were collected from AMW, Ping Chau in March 2000 using SCUBA. 
Colonies of Platygyra sinensis and Goniopora columna were selected with similar 
sizes of about 10-15cm in diameter. Colony heads were then cut carefully with chisel 
and hammer to avoid damaging the surface living tissues. The specimens were 
collected and transferred back to aquaria within two hours. After one month of 
acclimation, the specimens showed no obvious stressful responses. They were then 
set up for the experiment. 
5.2.3 Preliminary screening experiment 
The continuous influx of sediment experiment was performed from 7 Apr to 8 May 
2000. Sediments were collected from AMW and treated in the same way described in 
Chapter 4.2. Sediments were applied on corals of both species daily. In the first week 
(Iwk), only 100 mg.cm'lday"^ was applied. In the second (2wk) and the third weeks 
(3wk), the dosage was 200 mg.cm'lday"' and 400 mg.cm'lday"' respectively. In the 
last week (4wk), the application was twice a day and the total daily dosage was 800 
mg.cm-2.day-i. 
Three coral colonies of each species were placed in three separate tanks. The control 
groups were sampled before the commencement of the experiment. Thereafter, two 
samples were cut haphazardly from the three colonies of each species from every 
tank. During each sampling period, a total of six samples was collected for each 
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Species for tissue collection, zooxanthellae counting, chlorophyll-a determination， 
and surface area determination. Five sampling periods were conducted throughout 
the experiment. 
5.2.4 Persistent sediment influx experiment 
In the preliminary screening experiment, the responses of Platygyra sinensis and 
Goniopora columna to sediment application were similar to those in the in situ 
experiment (see Chapter 4.3). Under sediment influx of 100 mg.cm'lday"^ to 400 
2 I 
mg.cm. .day- , both corals were able to remove the settled sediments effectively even 
in the wave-less aquaria. The surfaces of coral colonies were cleared of any sediment 
accumulated right before the next daily application was conducted (i.e. within 24 hrs). 
But in the last week of trial when sediment influxes were applied twice a day at a 
total of 800 mg.cm'lday"', some sediments remained on the surfaces of the corals. 
Therefore, at this latter dosage, the corals were not able to get rid of the sediment 
within a 24 hr period. 
The main experiment started in 7 Jul 2000 and ended on 5 Aug 2000 and was very 
similar to the previous screening experiment. The dosage of sediment influx was kept 
at twice a day application of 500 mg.cm"lday"' of sediments, or a total of 1000 
2 1 
mg.cm- .day" of daily application. Apart from sampling the corals before the start of 
the experiment (pre-application control), another control group was also set up in 
parallel with the treatment group. Three control samples were kept in another three 
different tanks. Therefore, three samples and three control specimens were collected 
during each sampling period. The sampling periods were on Jul (first week), 15出 
Jul (second), 22"^ Jul (third), Jul (fourth) and Aug (fifth). Samples collected 




5.2.5 Evaluation of zooxanthellae and chlorophyll-a densities 
Tissue collection in the laboratory - cut coral colonies brought back to the laboratory 
were kept in the refrigerator at 4。C for several days prior to tissue collection. An 
airbrush was attached to the compressed air tank with the pressure adjusted to 5 bar. 
A plastic funnel was set up in a ring stand and a beaker was placed under the funnel. 
The airbrush tip was moved slowly at a 45^ angle over the colony area to allow the 
stream of compressed air to blast out the mucus and tissue of the coral down into the 
funnel, to be collected in the beaker (Lipschultz et al. 1998). 
Zooxanthellae counting - collected coral tissues were diluted to 50 ml by filtered 
seawater and were homogenised. A haemocytometer was used to count the number 
of cells. The counting procedure followed that of Lipschultz et al. (1998) and was 
repeated three times for each sample. 
Chlorophyll-a determination - One ml of coral tissue was pipetted to 15 ml centrifuge 
tube from 50 ml homogenised blastate. Nine ml of 100% acetone was then added 
into the tube for extraction. This process was undertaken in darkness for 24h. After 
extraction, centrifuge tubes were shaken and spinned at 45,000 rpm for 10 minutes. 
The supernatant was transferred into a glass cuvette and the absorbances of the 
sample at 750, 664, 647 and 630|am were read in a spectrophotometer (Spectronic 
Gensys 5). The exact amount of chlorophyll-a content was calculated by the 
following equations: 
Concentration of chlorophyll-a (mg/ml)= 
11.85x(664 |Lim -750 |im)-1.54x (647 |im -750 |im) - 0.088x(630 |im -750 |im) 
Chlorophyll-a content of the specimen (mg) = concentration of chloropyll-a x 500 
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Surface area determination - the blasted coral samples were bleached with diluted 
Clorox and air-dried. Aluminum foil was laid over the coral surface, using scissors to 
trim the foil to cover the entire "blasted" area and to make sure that no overlap was 
made (Lipschultz et al. 1998). The foil was weighed and an equivalent area was 
calculated based on a standard curve. This standard curve was obtained by plotting 
weights of various square sizes of Al foil against their areas in a weight vs. area 
linear regression analysis. 
5.2.6 Daily weather records 
The daily weather details were adopted from records of the Hong Kong Observatory 
from 1 July to 5 August 2000. These included mean air temperature, hours of bright 
sunshine, mean UV index, global solar radiation and total rainfall. 
During daily sediment application, the water quality of the aquaria was also 
monitored. Water temperature and dissolved oxygen (D.O.) were measured by a D.O. 
meter and salinity was measured by a refractometer. The relative light penetration 
(RLP) was calculated as the ratio of the light intensity just above the water surface 
and that underwater just above the coral surface measured by a Ikelite digital light 
meter (DM 4200). 
5.3 Results 
5.3.1 Preliminary screening experiment 
During the course of the preliminary screening experiment, though the sedimentation 
rates were increased by 8 folds from the beginning of 100 mg.cm'lday"' to 800 
mg.cm-2.day-i in the end, both species were seemingly not affected. The stressful 
signs, such as tissue necrosis or bleaching were not observed. Apparently, both 
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Platygyra sinensis and Goniopora columna were able to withstand the additive effect 
of increasing sedimentation rates. 
The initial mean values of zooxanthellae and chlorophyll-a densities for Platygyra 
sinensis were 2.5 x 106 土 1.3 x 106 cm"^  and 23.3 土 9.3 respectively, and 
those for Goniopora columna were 1.2 x lO? ± 2.0 x lO^ cm"^  and 57.1 土 9.5 ng.cm'^ 
respectively. In the course of the experiment with sediment application, both values 
for the two coral species fluctuated, though these fluctuations were not statistically 
significant. Fig. 5.1 shows the changes of zooxanthellae and chlorophyll-a densities 
respectively during the experimental period. No general pattern of increase nor 
decrease was evident. 
No statistical analysis was applied on the preliminary experiment, as the dosage of 
sediment influx was not constant over time. The results suggested that sediment 
application could be done two times a day and the sedimentation rates could be as 
high or higher than 800 mg.cm'^.day"^ 
5.3.2 Persistent influx experiment 
In the subsequent persistent sediment influx experiment, specimens were subjected to 
sedimentation rates of 1000 mg.cm'^.day"' by two sediment applications, one in the 
morning and one in the evening. The specimens were examined about once a week. 
As the daily sedimentation rates were kept constant throughout the one-month period, 
ANOVA with repeated measures was applicable to evaluate the treatment effect of 
sedimentation. The sub-lethal effects of continuous sediment influx were likely to be 
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Figure 5.1. Changes in mean (A) zooxanthellae densities (士SD) and (B) 
chlorophyll-a (士SD) of the two coral species subject to different levels of sediment 
influx in the preliminary screening experiment (see text for details). 
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For Platygyra sinensis, zooxanthellae densities and chlorophyll-a values fluctuated 
during the course of the experiment. The zooxanthellae densities varied from 3.0 x 
106 ± 5.2 X 105 cm-2 to 3.5 X 106 ± 3.9 X 105 cm'^  in experimental samples while from 
3.6 X 106± 1.4 X 105 cm-2 ^^  4.3 x lO^ ± 1.2 x 106 cm"^  in control samples. The 
chlorophyll-a densities ranged from 19.6 土 1.4 |ig.cm'^ to 33.3 士 13.1 ^ig.cm'^  in 
control while from 19.6 土 8.3 )ag.cm"^  to 26.2 土 2.3 |Lig.cm"^  in experimental samples. 
These values were comparable to those from the in situ field experiment as well as 
those from the aquaria experiment (see Chapter 6). 
For Goniopora columna, the mean values of zooxanthellae and chlorophyll-a 
densities of the control at first sampling period were 3.1 x 10? ± 4.3 x I06 cm"^  and 
163.5 士 24.1 fig.cm" respectively. These values were almost three times higher than 
those from the previous preliminary study. Nonetheless these were still within the 
ranges from the in situ data collected during Jan 2000 (see Chapter 4). 
These two coral species showed different responses in terms of zooxanthellae and 
chlorophyll-a density changes during the course of the experiment. In Goniopora 
columna, both values showed a general trend to decrease significantly as the 
sediment influx continued for longer period (Fig. 5.2, Table 5.1). This is however, 
different for Platygyra sinensis. For the latter, although both parameters also 
decreased under continuous influx of sedimentation (Fig. 5.3), such decreases were 
not statistically significant (Table 5.2). The drop in zooxanthellae and chlorophyll-a 
densities in P. sinensis was less dramatic than that for G. columna. The significant 
drops in G. columna zooxanthellae and chlorophyll-a densities were not solely due to 
the effect of sediment influx, as there were no significant differences among control 
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Figure 5.2. Changes in mean (A) zooxanthellae densities (士SD) and (B) 
chlorophyll-a (±SD) of the treated and control samples of Goniopora columna during 
the sublethal continuous sediment influx experiment. 
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Table 5.1. Results of ANOVA with Repeated Measures for changes in zooxanthellae 
and chlorophyll-a densities, chlorophyll-a per zooxanthella content for Goniopora 
columna exposed to continuous sedimentation. 
Source Type II I Sum of df I Mean Square [F [p 
Squares 
Zooxanthellae 6.9E+14 4 1.7E+14 ^ O ^ 
Error 1.6E+14 8 2.0E+13 
Chlorophyll-a 26060.245 4 6515.061 16.213 0.001 
Error 3214.760 8 401.845 
Chi. Per Zoox. 10.627 4 i W l 5.560 0.019 
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Figure 5.3. Changes in mean (A) zooxanthellae densities (士SD) and (B) 
chlorophyll-a (士SD) of the treated and control samples of Platygyra sinensis during 
the sublethal continuous sediment influx experiment. 
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Table 5.2. Results of ANOVA with Repeated Measures for changes in zooxanthellae 
and chlorophyll-a densities, chlorophyll-a per zooxanthella content for Platygyra 
sinensis exposed to continuous sedimentation. 
Source I Type III Sum of Idf I Mean Square [F [p 
Squares 
Zooxanthellae 1.9E+12 4 4.8E+11 0.858 0.528 
Error 4.5E+12 8 5.6E+11 
Chlorophyll-a 167.37 4 4 0 ^ 1.268 0.358 
Error 264.05 8 33.007 
Chi. Per Zoox. 6.307 4 1377 0.801 0.557 
Error |l5.741 [s 11.968 
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G. columna were more prominent than P. sinensis. These changes may be due to the 
effects of environmental changes or seasonal variations. 
5.3.3 Weather data from Hong Kong Observatory (HKO) 
Information on mean daily air temperature, daily mean U.V. index, total hours of 
bright sunshine, daily global solar radiation and daily total rainfall were obtained 
from HKO for July - August 2000. Pearson's correlation analysis indicated that 
the global solar radiation, the U.V. index and the total bright sunshine were positively 
correlated (Table 5.3). Though mean air temperature was also positively correlated 
with these parameters, the correlation co-efficient was not as high as those of the 
others. Only total rainfall was negatively correlated with these parameters. I f plotted 
against the daily global solar radiation, the total rainfall could be shown to be out of 
phase with solar radiation (Fig. 5.4). Based on the record of HKO, the weekly 
weather condition during the experimental period could be summarised as follows: 
cloudy with occasional rain (first week), sunny with occasional rain (second week), 
strong continuous rain (third week), sunny (fourth week), and heavy continuous rain 
(fifth week). 
5.3.4 Aquaria condition 
The water temperature recorded in aquaria fluctuated with the mean air temperature 
but the correlation between them was not as strong as that with the other factors. The 
amplitude of fluctuation was also not large. The water temperature ranged from 
28.5°C to 31.5°C. D.O. and salinity values were both within the survival limits of 
scleractinians. D.O. ranged from 4.0 to 5.9 mg/1 and salinity values were from 27 to 
31 ppt. The relative light penetration (RLP) calculated were from 50 to 65%. 
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Table 5.3. Pearson linear correlation between different environmental variables 
obtained from HKO, In ( ) are the number of days. 
Rainfall Solar I Sunshine iTemperature lUV 
Radiation 
[Cloudy 0.469* -0.839** -0.819** -0.716** -0.814** 
(24) (36) (27) (36) (36) 
Rainfall -0.612** -0.240 -0.693** -0.560** 
(24) (15) (24) (24) 
Pearson Solar Radiation 0.966** 0.881** 0.985** 
Correlation (27) (36) (36) 




* p < 0.05 

































































































































































































































































Though no significant correlation was found between the environmental parameters 
and measured coral's values, environmental condition especially global solar 
radiation seems to have a similar fluctuation pattern with zooxanthellae changes in G. 
columna (Fig 5.5). However, it is not enough to establish any clear relationship 
between these parameters given the limited amount of data obtained in this 
experiment. 
5.4 Discussion 
This experiment is complementary to the previous one on sediment rejection 
efficiency of corals (Chapter 4). The present experiment focused on the sublethal 
effects of continuous sediment influx on corals over a longer period. It also tested the 
respective susceptibility of these corals towards prolonged impact of continuous 
sedimentation. Rice (1985) noted the importance of differentiating between sediment 
rejection capability and susceptibility to sedimentation damage. For example, 
Hubbard and Pocock (1972) determined that the coral, Cladocom arbuscula, was 
poor at rejecting sediments while Isophyllia sinuosa was having high sediment 
rejection efficiency. In contrast, the findings from Rice (1985) showed that the 
former species is more resistant to sedimentation damage than the latter one. The 
sediment rejection efficiency was not equal to susceptibility to sedimentation in the 
same coral species. 
From the previous sediment rejection efficiency experiment (Chapter 4), both coral 
species in Hong Kong {Platygyra sinensis and Goniopora columna) were able to 
withstand the sedimentation rates of up to 1000 mg.cm'lday"^ for four days period. 
They were able to remove sediment covered on their surface though the efficiency 
































































































































































































































































































experiment to ascertain whether corals could still survive i f sedimentation continued 
for a prolonged period, e.g. one month. Due to the difficulty of daily sediment 
application in the field, continuous sediment influx experiment could only be carried 
out in aquaria. Both coral species were able to grow in aquaria without showing 
stressful signs. Field condition in Ping Chau (mentioned in Chapter 2) where those 
experimental species were originally found indicated that the sedimentation rates 
were low (〜5 mg.cm'^.day"') under normal calm condition but increased dramatically 
during strong wind or typhoon seasons to over 100 mg.cm'^.day'^ The instantaneous 
sedimentation rates were expected to be even higher. The application of 1000 
2 1 
mg.cm" .day- in the current experiment was an attempt to simulate the worst 
condition that persisted for a month period. However, it was unable to imitate the 
continuous resuspension of sediment from seabed even though application of 
sediment influx was carried out twice a day. Extreme high resuspension of sediment 
caused high turbidity of water column and hence light attenuation for coral 
photosynthesis. Several authors suggested several factors that might be responsible 
for coral tissue death due to sedimentation. These factors include abrasion by 
sediments carried by strong currents, light reduction, smothering by physical 
blocking of oxygen carrying water currents, microbial action and energy drain due to 
self-cleaning efforts (Hubbard and Pocock 1972, Maragos 1974, Loya 1976, Lasker 
1980). In this experiment, the most likely cause of stress in corals due to 
sedimentation was energy drainage. 
No mortality was shown in all samples (including controls) over the experimental 
period. The extremely high sedimentation rates caused little impact on coral survival. 
They were able to remove the accumulated sediment on their colony surface. As no 
sediment layer was formed on the coral surfaces, no microbial activity could 
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propagate, hence no tissue necrosis was observed. The aquarium is a wave-less 
environment, hence no settled sediment is resuspended and no abrasion is inflicted 
on coral surface due to strong currents. The water turbidity was low at most time. So, 
energy deprivation for sediment removal would probably be not a lethal stress for 
coral colonies. Energy loss could lead to starvation and death only in the most 
extreme case. A certain amount of energy dissipated would only affect metabolism of 
the organism, and in the long term reduced its growth or increase susceptibility to 
infection. However, in this study, growth measurements under persistent sediment 
influx were not attempted. But zooxanthellae and chlorophyll-a densities were 
monitored instead. 
By comparing this study with other works on other species of corals, it was 
surprising to find that Platygyra sinensis and Goniopora columna were highly 
tolerant to sedimentation. Panrong and Chansang (1986) tested the sedimentation 
resistance of four Indo-Pacific corals held in aquaria and subjected to sedimentation. 
At a sedimentation rate of 8 mg.cm'^.day'^ 50% mortality (2 of 4 colonies) was 
attained in 4 days for Pontes lutea, 7 days for Acropora formosa, 8 days for 
Pocillopora damicornis, and 21 days for Montipora ramosa. At 33 mg.cm'^.day"', 
only 2 days were needed for Pontes lutea to attain 50% mortality. However, in 
Panrong and Chansang's study, there was a lack of controls and water in their aquaria 
were not changed over the study period. Sedimentation may only be one of the 
stresses experienced by their corals. These results are not directly comparable to 
those from the present experiment. 
From the review paper of Rogers (1990), no studied coral species can withstand the 
daily application of 1000 mg.cm'lday'^ with no mortality for a period of one month. 
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The recent study done by Stafford-Smith (1992) showed Leptoria phrygia suffered 
from a mortality of 7 out of 9 colonies at a sedimentation rate of 1000 mgxm'^.day"' 
for 23 consecutive days. This present study showed that Platygyra sinensis and 
Goniopora columna were able to survive 1000 mg.cm'^.day'' of sedimentation rate 
for one month, hence the highest record of tolerance of a coral species to 
sedimentation. 
Though no obvious damage from high sedimentation rates on the corals was 
observed during the course of the experiment, minute changes in the coral colonies 
might occur under such stressful environment. Riegl & Branch (1995) suggested that 
changes of energy budget of four scleractinian corals under the sediment stress were 
attributed to decreasing photosynthetic production, increasing relative respiration and 
increasing carbon-loss through greater mucus output. Dallmeyer et al. (1982) 
reported that Montastrea annularis would greatly reduce its net oxygen production 
after subjected to 525 mg/1 of fine peat for one day. They suggested that there was a 
loss of zooxanthellae from the stressed corals but no direct evidence was given. 
Corals harbor photosynthetically competent zooxanthellae in their endodermal cells. 
The ability of some scleractinian corals to deposit calcium carbonate skeletons and 
form reef structures is generally attributed to their mutualistic relationship with them, 
which provide the coral with large quantities of organic materials, especially high 
caloric value lipids and carbohydrates. But under stressful environment such as 
elevated temperature, salinity abnormality, high siltation or nutrient input, loss of 
these symbiotic algae by host corals or loss of pigmentation by the algae themselves 
wil l occur. This phenomenon is termed coral bleaching. In a field study on sediment 
rejection rates for 22 Australian scleractinian corals, 3 species exhibited extensive 
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tissue bleaching when covered with sediments (Stafford-Smith 1993). However, little 
study has focused on the changes of zooxanthellae densities in corals under 
continuous sediment influx. 
Platygyra sinensis and Goniopora columna showed no bleaching response to 
sedimentation but their zooxanthellae and chlorophyll-a densities fluctuated during 
the experimental periods. For Goniopora columna, the drops were significant in the 
final sampling period. However, the significant changes of zooxanthellae and 
chlorophyll-a densities were not solely correlated with sedimentation effects. The 
control samples also had similar changes not significantly different from those of the 
treated samples. One the other hand, these values in Platygyra sinensis remained 
more or less the same, with no extreme fluctuation. It may be possible that G. 
columna has more dynamic or unstable population of symbiotic algae than P. 
sinensis. 
Fagoonee et al (1999) measured the population density of zooxanthellae within the 
coral Acropora formosa on a weekly basis for six years. The large variability of 
zooxanthellae population was better explained by season than by temperature (or 
solar radiation). There were regular episodes of very low densities that coincided 
with the occurrence of bleaching events. Changes in zooxanthellae densities can be 
very dramatic as three order of magnitude of change could happen within weeks. 
Brown et al. (1999) ftirther proved that sea surface temperature (SST) and 
photosynthetically active radiation (PAR) were negatively correlated with 
zooxanthellae numbers. In this study, it was not possible to separate the effects of 
sedimentation and environmental factors. During the course of the experiment, the 
weather changed significantly from cloudy rainy days to bright sunny days and back 
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to rainy. The fact that the rate of division of these endosymbionts in vivo is known to 
be low (Wilkerson et al. 1988，Falkowski et al 1993 cited in Stimson 1997)，the 
effects of short-term environmental changes seem less likely to happen. 
The large standard deviations from the means obtained from the data attests to the 
variability of zooxanthellae and chlorophyll-a densities among coral samples. The 
statistical test for comparing control and treated samples may be masked by these 
highly variable data such that no statistically significant difference was found 
between control and treated corals over the course of continuous sediment influx. It 
is worthwhile to note that high variability of zooxanthellae and chlorophyll-a density 
among individual coral colonies may hinder their effectiveness as indicators of stress 




Short-term Sediment Burial Effects on Platygyra sinensis and Goniopora 
columna 
6.1 Introduction 
Excessive sedimentation may lead to full burial of the coral communities (McManus 
1988, Rogers 1990). Such phenomenon is not uncommon yet few studies could be 
found in the literature relating the fate of corals with sediment burial. The death of 
corals from complete burial may be caused by physical damage from abrasion, 
blockade of light, smothering under oxygen-depleted environment, microbial 
infection and energy drain due to self-cleaning efforts by the corals (Pamrong and 
Chansang 1986, Rogers 1977 cited in Hodgson 1990). A dramatic decrease in both 
coral cover and species in Hong Kong was attributed to high surface runoff from 
borrow area (Zou et al. 1992) and dredging activities (Hodgson 1994). Seven 
Caribbean scleractinian corals were examined for their lethal time of sediment burial. 
Coral burial experiments produced survival LT50 values from 7 days for Scolymia 
lacera to 15+ days for Solenatrea hyades (Rice & Hunter 1992). In another 
experiment, the authors studied the damage and recovery of four Philippine corals 
from short-term sediment burial and found out that relatively short period of 
sediment burial (20 hours) could result in whole-colony mortality in some Acropom 
species (Wesseling et al 1999). 
Zooxanthellae and chlorophyll-a densities were also monitored in this present burial 
experiment. These parameters may change in two ways. The burial stress could cause 
an increase in both parameters as sediment burial resulted in dark condition and 
hence induced photo-adaptive response. In contrast, the burial stress could also cause 
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bleaching and expulsion of zooxanthellae and/or algal pigments, which would result 
in decreases in the densities of these parameters. 
This part of the study aimed at recording the behavioral responses of two 
scleractinians towards short-term sediment burial and quantifying the effects of 
burial on changes in their zooxanthellae and chlorophyll-a density. This may provide 
some clues on understanding the mechanisms involved in coral responses to 
sediment burial stress. 
6.2 Materials and Methods 
The burial experiments were performed in the field and in aquaria. These involved a 
complete sediment burial of the corals. Coral specimens were collected before and 
after sediment burial to evaluate changes in their zooxanthellae and chlorophyll-a 
densities. The protocols for the evaluation of these densities were the same as those 
given in Chapter 5.2.5. 
6.2.1 In situ burial experiments 
Coral colonies for both species, Platygyra sinensis and Goniopora columna, were 
buried and observed for damage and recovery in two experiments at AYW, Ping 
Chau. The experiments were conducted from early October 1999 to mid-January 
2000. 
In the first experiment, both species were collected from AYW at a depth of-3m C.D. 
Specimens were selected and were all about 〜10cm in diameter. They were cut and 
removed with chisel and hammer carefully. Each specimen was transferred into a 
ring made out of a PVC pipe, 20 cm in height and 20 cm in diameter (Plate 6.1). Six 
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Plate 6.1 PVC pipes for burial experiments 
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rings were tied together in a triangle as a set with nylon string to ensure that they 
were securely embedded in the bottom sediments. Three such set-ups were 
constructed as replicates. In each set-up, six burial treatments: Oh burial (control), 2h, 
8h, 18h, 24h and 48h burials, were randomly assigned to each ring. Sediments used 
in this burial experiment were collected from the near-by seabed. The rings were 
filled up with sediment, burying the corals to 3-5 cm depth. At the end of each burial 
period, each PVC ring was lifted up and sediments removed to recover the buried 
specimen. After observing the impact of burial, part of the specimen was cut and 
collected back to the laboratory for analysis of zooxanthellae and chlorophyll-a 
densities (see Chapter 5.2.5). The remaining part was put back inside the PVC ring 
for further observation of signs of recovery. Twenty days after the burial experiment, 
the remaining specimens were re-examined for recovery and collected back to the 
laboratory for further analysis. 
In the second experiment, only Goniopora columna was studied for burial effects. 
The procedures were similar to those of the first experiment with the following burial 
treatments: Oh burial (control), 2h, 4h, 6h, 18h and 26h burials. However, more 
detailed assessment was carried out for changes in their zooxanthellae and 
chlorophyll-a densities. Corals were collected before burial (before), right after burial 
(after), 4 days after burial treatment (4d) and 40 days after burial treatment (40d) for 
further analysis in the laboratory. 
6.2.2 Burial experiment in aquaria 
Coral colonies of both species were collected from Ping Chau and kept in 
flow-through aquaria at MSL one month prior to the start of the experiment (see 
Chapter 5.2.1). The burial experiment was carried out during 8-10 June 2000. The 
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experimental procedures were similar to those of the in situ experiments except that 
there were fewer burial treatments: Oh (control), 2h, 24h and 48h burials and 
collection of corals for zooxanthellae and chlorophyll-a analyses were done at only -
two periods: before burial and right after burial treatment. 
6.3 Results 
6.3.1 Behavioral response 
After removal of the sediments from buried corals, all the treatments caused 
Goniopora columna polyps to retract (Plate 6.2). Partial re-expansion of coral polyps 
were observed for all treatments after an hour except for 48h treatment samples 
(Plate 6.3). For 48h burial treatment, polyp tissues were degraded and parts of the 
white skeleton were exposed (Plate 6.4). Sediments on the surface of buried corals 
turned black, indicating that an anerobic condition existed. A bad smell was detected, 
only for 48h treatment, after collection of corals for blasting of tissue. Platygyra 
sinensis behaved similarly to G. columna to sediment burial. Twenty days after the 
burial experiment, remaining coral colonies were re-examined. All coral colonies 
subjected to 48h treatment died and most surviving corals recovered and showed no 
stress from burial effects. 
6.3.2 First in situ burial experiment - Oct 1999 
Platygyra sinensis 
丁he mean zooxanthellae and chlorophyll-a densities of Platygyra sinensis control 
samples (Oh burial) were 4.61 x 10^  cm"^  士 0.90 x 10^  cm"^  and 33.3 i^g.cm"^ 士 9.9 
)ig.cm-2 respectively (Fig. 6.1). Two burial treatments, 6h and 17h, had higher mean 
values for both parameters than the control. The highest mean zooxanthellae 
densities and chlorophyll-a densities were 5.63 x 10^  cm"^  at 17h treatment and 38.8 
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Plate 6.2 Photo of Goniopora 
l ^ ^ ^ ^ ^ ^ l l ^ ^ p h ^ ^ M ^ H B columna showing recovery from 2h 
sediment burial. Long polyps were 
retracted and no obvious physical 
J U m U m ^ ^ ^ ^ ^ ^ ^ j ^ j J J damage was found on the surface. 
^ m B K g m 
I J S H H I H H H H B 
Plate 6.3 Photo of Goniopora 
columna colony taken two hours 
. sediment burial, ^ e 
^ M B M ^ ^ I i P i i ^ ^ P。1邓 s showed a partial 
— s i 。 n . 
H H H H ^ H H H H I I ^ ^ ^ 
m m P P P l l M i Plate 6.4 After 48h 
treatment, Goniopora columna 
showed a substantial damage, i.e. 
tissue degradation and white 
^ ^ ^ ^ ^ ^ H H ^ K ^ ^ g l ^ ^ H skeleton exposure. Buried 
^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ ^ H M H ^ ^ ^ H sediments turning are also 
clearly shown 
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Figure 6.1. Changes in mean (A) zooxanthellae densities (士SD) and (B) 
chlorophyll-a (士SD) of Platygym sinensis in sediment burial experiment (Oct 1999). 
Each point represents the mean of three replicates. Tukey test was carried out to 
evaluate between burial treatments. Different letters in the figure indicate difference 
among treatment means. 
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|ig.cm-2 at 6h treatment respectively. For the 48h treatment, zooxanthellae and 
chlorophyll-a densities dropped by 46% and 50% respectively when compared to the 
control (Fig. 6.1). There was a significant burial effect on zooxanthellae density 
(ANOVA, d f = 5, F = 4.76, p < 0.01) and chlorophyll-a density (ANOVA, d f= 5, F = 
5.01, p < 0.01) but not the chlorophyll-a per zooxanthellae ratio (ANOVA, df = 5, F 
=0.57, p = 0.72). Both parameters generally decreased as burial time increased. 
Significant negative correlation was found between burial time and zooxanthellae 
and chlorophyll-a densities (Table 6.1). Changes in zooxanthellae and chlorophyll-a 
densities were significantly correlated (Pearson Correlation r = 0.895, n = 18, p < 
0.05). Changes in zooxanthellae density right after burial and after 20 days of 
recovery varied greatly from -62% to +69% (Fig. 6.2) while those for chlorophyll-a 
density ranged from -54% to +103%. However, no general pattern of change in these 
densities was observed irrespective of the burial time experienced by each coral 
colony. As some corals were lost during this period due to storm, not enough samples 
were left for meaningful statistical analysis. 
Goniopora columna 
The mean zooxanthellae and chlorophyll-a densities of Goniopora columna control 
samples were 1.70 x lO? cm"^ 土 0.36 x lO? cm"^  and 94.8 |ag.cm"^  土 27.0 
respectively (Fig. 6.3). For 48h treatment, zooxanthellae and chlorophyll-a densities 
dropped by 72% and 74% respectively when compared to the control. There was a 
significant burial effect on zooxanthellae density (ANOVA, df 二 5, F = 4.30, p = 0.02) 
and chlorophyll-a density (ANOVA, df 二 5, F = 4.04, p = 0.02) but not the 
chlorophyll-a per zooxanthellae value (ANOVA, df = 5, F = 0.49，p = 0.89). There 
was also a general trend for both parameters to decrease as burial time increased. A 
significant negative correlation was found between burial time and zooxanthellae and 
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Table 6.1 The Pearson's correlation of chlorophyll-a (Chi), zooxanthellae (Zoox) and 
chlorophyll-a per zooxanthella (Chl/zoox) of P. sinensis in the burial experiment 
during Oct 1999. 
I^Kl IZoox I Chl/zoox 
Zoox 0.895** 
Pearson 
Chl/zoox 0.491 * O ^ 
Correlation 
Time -0.632** -0.589* 
* p < 0.05 
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Figure 6.3. Changes in mean (A) zooxanthellae densities (土SD) and (B) 
chlorophyll-a (士SD) of Goniopora columna in sediment burial experiment (Oct 
1999). Each point represents the mean of three replicates. Tukey test was carried out 
to evaluate between burial treatments. Different letters in the figure indicate 
difference among treatment means. 
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chlorophyll-a densities (Table 6.2). As was in Platygyra sinensis, changes of 
zooxanthellae and chlorophyll-a densities were significantly correlated (Pearson 
Correlation n = 18, r = 0.93, p < 0.05), Zooxanthellae densities right after burial and 
after 20 days of recovery changed greatly from -65% to +147% while those of 
chlorophyll-a ranged from -59% to +113% irrespective of the burial time (Fig. 6.4). 
Table 6.3 shows the results of two-way ANOVA, testing for the effects of burial time 
and type of species on zooxanthellae density, chlorophyll-a density and chlorophyll-a 
per zooxanthella ratio. Both P. sinensis and G. columna were significantly different 
in all these parameters, but burial time has significant effect on zooxanthellae and 
chlorophyll-a densities, but not on zooxanthella per chlorophyll-a ratio. Both 
zooxanthellae and chlorophyll-a densities in G. columna were three times higher 
when compared with those of P. sinensis. Their number of chlorophyll-a per 
zooxanthella ratio was within the range of 5.1 -11 (pg/cell) (Figs. 6.5). 
6.3.3 Second in situ burial experiment - Jan 2000 
As Platygyra sinensis and Goniopora columna responded similarly although in 
different degrees, to sediment burial, only Goniopora columna was used to study 
changes of zooxanthellae and chlorophyll-a densities at a finer scale in four different 
periods: before burial (before), right after burial (after), 4 days after burial (4d) and 
40 days after burial (40d). The maximum burial treatments were also confined to 
within 26 hours as these corals cannot survive the 48h treatment. 
In the first burial experiment for Goniopora columna, only 48h treatment resulted in 
significant lowering of both zooxanthellae and chlorophyll-a densities. In this 
experiment, no significant effect was therefore expected for corals subjected to burial 
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Table 6.2 The Pearson's correlation of chlorophyll-a (Chi), zooxanthellae (Zoox) and 
chlorophyll-a per zooxanthella (Chl/zoox) of G. columna in the burial experiment 
during Oct 1999. 
pHI IZoox IChl/zoox 
Zoox 0.930** 
Pearson 
Chl/zoox 0.331 -0.16 
Correlation 
Time -0.695** -0.657** 
* p < 0.05 
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Figure 6.5. Changes in mean (±SD) chlorophyll-a per zooxanthellae ratio in (A) 
Platygyra sinensis and (B) Goniopora columna after sediment burial during Oct 
1999. Each point represents the mean of three replicates. 
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Table 6.3 Results of two-way ANOVA testing for the effects of burial time and type 
of species on zooxanthellae (zoox), chlorophyll-a (chlo) densities and chlorophyll-a 
per zooxanthella (chl/zoox) value. 
Source Dependent Variable Type III Sum of d f f p 
Squares 
SPECIES Chlo 7.3E+15 1 ~~336.319 0.000 
Z ^ 4.0E+14 1 6 2 3 ^ O ^ 
Chlo/zoox 10.672 1 1 0 . 6 3 5 0 . 0 0 3 
BURIAL TIME Chlo 5.5E+14 5 O W 
Zoox 1.7E+14 5 
Chlo/zoox 3.299 5 0 6 5 9 ~ 
SPECIES*BURIAL Chlo 5.5E+14 5 O W 
Zoox l.OE+14 5 3 2 % 0 0 ^ 
Chlo/zoox 5 0 4 1 4 0 6 5 ^ 
Error Chlo 5.2E+14 24 
Zoox 1.5E+14 M 
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time within 26 hours. This expectation was confirmed with burial time having no 
significant effect on zooxanthellae density (ANOVA, df = 5, F = 0.58, p == 0.71). 
However, the effect of the collection period was significant (ANOVA, df = 3, F = 
8.48, p = 0). Figure 6.6 shows changes of zooxanthellae densities for different burial 
time treatments at different collection periods. Zooxanthellae densities were 
significantly lower at 40d. Similar results were obtained for chlorophyll-a (ANOVA 
for effect of burial time, df 二 5, F = 1.47, p = 0.22： ANOVA for effect of collection 
period, d f = 3 , F = 5.34,p = 0.03). 
For better comparison of the effects of collection period, values of different sediment 
burial treatments of the same collection period were pooled together to obtain the 
mean values. Results of ANOVA with repeated measure showed that changes of 
zooxanthellae density (df 二 1. F = 271.2). chlorophyll-a density (df = 1. F = 480.3) 
and chlorophyll-a per zooxanthella ratio (df = 1. F = 112.2) were all significantly 
different (p < 0.05) through the four periods. The mean zooxanlhellae density was 
around 3 x 10^  cm"" in the first three periods (before, after and 4d) but dropped 
significantly to 6 x cm"" (control) and 3 x 10' cm"" (treated) at 4()d (Fig. 6.7). The 
mean chlorophyll-a densities of Irealecl samples were similar (175 ).ig.cm"") ibr the 
first two periods (before and alter) and slightly increased to 189 |.ig.cm"" at 4d and 
then dropped to 98 |.ig.cm"- at 4()cl (Fig. 6.7). Changes in mean chlorophyll-a 
densities of control samples were different from those of treated samples. The mean 
number of chlorophyll-a per zooxanthella ratio showed a different pattern. It 
increased from 4.5 pg.cell"' before burial to 12.8 pg.cell'' 40d after burial (Fig. 6.7). 
6.3.4 Burial experiment in aquaria - Mid-June 2000 
I burial experiments carried out in the aquaria also utilized both Pluiy^xru sinensis 
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and Goniopora columna. Coral colonies did not show observable sign of stress after 
one month of acclimation in the aquaria. The mean zooxanthellae density of P. 
sinensis was 4.2 x 10^  cm'^ 土 1.1 x 10^  cm"^  and the mean chlorophyll-a density was 
33.7 ±10.1 jug.cm'^ . These two values were very close to those recorded 
from the field. For Goniopora columna, the mean values of zooxanthellae density 
and chlorophyll-a density were 1.27 x 10^  cm'" 士 0.41 x 10^  cm"" and 52.9 ).ig.cm"" 士 
23.2 lag.cm'^  respectively. These two values were lower than the in situ control 
values (see Section 6.3.2). 
Four burial time treatments (control Oh, 2h, 24h and 48h) were conducted on both 
species. The results were surprisingly different from those of the field experiments. 
There was no significant decline in neither zooxanthellae nor chlorophyll-a densities 
at 48h treatment for Plalygyra sinensis and Goniopora columna. For P. sinensis. 
burial treatments had no significant effects on zooxanthellae density (Fig. 6.8A) 
(ANOVA. F = 3.107. p = 0.089) and chlorophyll-a density (Fig. 6.8B) (ANOVA. I -= 
3.769. p = 0.089). Similar results were obtained for (；. columna (Fig. 6.9A). 
(ANOVA trealmenl effect on zooxanthellae density, df = 3. F 二 1.36, p = 0.32) (Fig. 
6.9B); (ANOVA treatment effect on chlorophyll-a density d f= 3. 1- = 1.47. p = 0.29). 
As the same coral colonies were assessed for both zooxanlhellae and chlorophyll-a 
densities before and after burial. Paired-l lest was used to test for significanl 
differences. Both zooxanlhellae (I = -2.496. dl、= 11. p < 0.05) and chlorophyll-a 
densities (t = -2.810, df = 11, p < 0.05) in P. sinensis changed significantly before 
and after burial mainly at 48h treatment (Figs. 6.8). However, no such differences 
were found for G. columna (Fig. 6.9). 
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Corals are susceptible to short-term burial effects. In the present experiment, 
Platygyra sinensis and Goniopora columna were not affected by sediment burial 
within a 24 hour period. No substantial visual damages were inflicted on the coral 
colonies. But after 48h (2 days) burial period, tissues necrosis and white skeleton 
exposures could be observed and the coral colonies were not able to recover. The 
burial period between 24 hours and 48 hours was lethal for both species. This finding 
was close to the study of burial for four coral taxa in the Philippines (Wesseling el al. 
1999) where short-term burial of 68h caused 90% of the tissue bleached in Porites 
spp. and total death in Acropora spp. However, Rice & Hunter (1992) found a longer 
lethal time for complete burial for some corals. LT50 values ranged from 7 days for 
Scolymia lacera to 15+ days for Solenaslrea hyades. This large deviation could 
probably be related to the different experiment designs used by different 
investigators. Rice & Hunter's (1992) experiment was carried out in aquaria and the 
subgravel filters they used to support the corals provided sufficient flow of water 
through the sediment to prevent anoxic conditions trom occurring. In the present 
experiment, anoxic conditions must have occurred as coral collected after 48h burial 
released a pungent smell. Depletion of oxygen plus bacterial infection were probably 
responsible for rapid tissue degradation within 48h sediment burial. Hodgson (1990) 
found tissue necrosis resulted from a macroscopic deposition layer formed by 
sediment particles. That in turn provided a layer of biofilms for rapid microbial 
population growth to invade coral tissues. 
Zooxanthellae density for Gomopora columna (1.70 x 107 cm"2 士 0.36 x 107 cm"2) is 
three times higher than that of Platgyra sinensis (4.61 x 106 c m 2 土（).90 x 106 cm"2). 
The long tentacles of G. co/umna hear zooxanthellae undergoing photosynthesis. 
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This greatly increases the density of zooxanthellae per skeletal area. A comparative 
study on different coral species in Ping Chau concluded that there is a significant 
difference in zooxanthellae and chlorophyll-a densities among coral species and for 
corals at different localities (Ng 2000, unpublished). The values obtained in the 
present study are even higher than those previously reported at about 1 x IO6 cm"2 to 
2 x IO6 cm"2 (Muscatine el a/. 1989, Falkowski el al. 1994). Different factors such as 
interspecific variation, environmental variations i.e. light, temperature, and nutrient 
enrichments may all contribute to these differences. Chlorophyll-a density for both 
species also exhibited three-fold differences, but the chlorophyll-a per zooxanthella 
ratio remained relatively constant. Moreover, for both species, zooxanthellae and 
chlorophyll-a densities are highly correlated. This implies that zooxanthellae can 
only accommodate up to a limited amount of chlorophyll-a for photosynthesis under 
similar condition. 
Both species responded to sediment burial in a very similar pattern. Both 
zooxanthellae and chlorophyll-a densities dropped significantly at 48h burial 
treatment. This drop could not be explained by the expulsion of zooxanthellae or loss 
of chlorophyll-a in the bleaching process under burial stress (Meehan & Ostrander 
1997). This is simply because the buried corals did not appear pale nor bleached in 
coloration. They showed tissue necrosis and exposed bare white skeleton instead. So. 
the drop in both parameters was likely to be due to the loss of tissue from 
degradation, hence reduced total amount of tissue per skeletal area. However, a 
similar burial experiment done on Porites lobata in the same area showed that a 
different process may be at work with the loss of zooxanthellae and chlorophyll-a 
(Yeung 2000, unpublished). The studied samples of P. Iobata showed different 
degrees of whitening as an effect of sediment burial. Though P. Iobata responded to 
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burial effect by bleaching, they were able to regain the color after a short period. 
They also could survive after 48h treatment. This result is in line with the findings of 
Wesseling et al. (1999) that Porites spp. were relatively insensitive to sediment burial. 
Porites lobata is comparatively more tolerant to the effects of sediment burial than 
Platygyra sinensis and Goniopora column a in this experiment. 
The other experiment carried out in this study on G. columna to investigate the finer 
scale changes of zooxanthellae and chlorophyll-a densities during the course of 
burial and recovery resulted in some interesting findings. First, there was a seasonal 
fluctuation. The zooxanthellae density of this species in the winter period was almost 
double that of its value recorded in the previous autumn. Seasonal fluctuations of 
zooxanthellae density in many coral species have been reported before. Fagoonee el 
al. (1999) found that the density in Acropora formosa in autumn and winter to be 
three times of that in spring and summer. The zooxanthellae and chlorophyll-a 
densities of the corals in the aquarium experiments in summer were lower than those 
recorded in the autumn period and only one-third of that of the winter period in siIIL 
However, no easy conclusion can be made about seasonal variation as variation in 
zooxanthellae and chlorophyll-a densities may also be affected by site variation. 
Second, in the second in situ burial experiment, chlorophyll-a per zooxanthella ratio 
of G. columna remained similar before and after burial, although there was a slight 
increase of chlorophyll-a per zooxanthella ratio from 4.5 to 6.6 (pg.ceir1). As these 
changes were observed in both control and treated samples, burial effect could not be 
the only factor responsible for their changes. Slight increase in pigments density, 
including chlorophyll-a, may be a response to a shaded environment. The 
photo-adaptive features of zooxanthellae have been reported before (Porter et al. 
1989. Hoegh-Guldberg & Smith 1989). Chlorophyll-a per zooxanthella ratio should 
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be higher in the low light intensity environment in order to maximize the efficiency 
of photosynthesis. Third, there was a significant drop of zooxanthellae and 
chlorophyll-a densities at 40d. As the drop in zooxanthellae density was more 
dramatic than that for chlorophyll-a, this resulted in an increase of chlorophyll-a per 
zooxanthella ratio to 8.7 pg.cell"1 土 5.1 pg.celF1. The standard deviation was quite 
large in this case. During the collection of samples at 40d. most remaining colonies 
had been cut to a substantially small size (e.g. < 5 cm in diameter) so some were lost 
or even buried in the sediments. The impact of cut damage could be magnified if the 
colonies were small. Therefore, instead of being affected by burial’ the deviation of 
zooxanthellae and chlorophyll-a densities from its normal range is probably partly 
due to the need for the coral to divert its energy for recovery after collection. 
The results from the set-up in aquaria were surprisingly different irom those from the 
field. Though the baseline data of zooxanthellae and chlorophyll-a densities were 
similar to the in siIu data, their responses to burial effects were different. In order to 
save corals, less burial treatments were done in aquaria but it was still able to cover 
the burial period in the same ranges as those in the field. For 48h treatment, collected 
corals were less darkened and tissue necrosis was less obvious than those in the field 
experiment. Both species showed no statistically significant differences in 
zooxanthellae and chlorophyll-a densities for sediment burial effect. Small sample 
size resulted in large variation of the mean values that could mask the burial effect. 
One the other hand, zooxanthellae and chlorophyll-a densities were measured before 
and after burial. Paired t-test was used to find out any significant difference in these 
values before and after burial. In Plaly^yra sinensis, the declines in zooxanthellae 
and chlorophyll-a densities were significant. However, in Gomlopota cohmina. no 
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significant differences were shown. P. sinensis was once again shown to be more 
sensitive to the sediment burial effect than G. columna in this experiment. 
A direct statistical comparison between the field and aquarium data was not feasible 
as the field experiment was taken in autumn while the aquarium experiment was 
carried out in summer. Possible temporal difference made the statistical analysis 
meaningless. One more factor that should be considered is that the sediments used in 
aquarium experiment was collected from AMW, Ping Chau while the field 
experiment was done in AYW. Yeung (2000 unpublished) did very similar burial 
experiments on Porites lobata at both AMW and AYW. She revealed that the 
sediments used in burial experiment in AYW was finer than those from AMW and 
burial experiments in these two sites produced significantly different results. 
Therefore, it was reasonable to suggest that the coarse sediments collected from 
AMW caused less damage to corals in burial experiment performed under aquarium 
condition. Many studies (Rogers 1990. StaiTord-Smith 1993. Riegl 1995. Wesseling 
et cd. 1999) emphasized the importance of sediment properties in affecting corals. 
Fine sediment burial could deplete oxygen and create anoxic condition much easier 
than coarse sediments. In addition, fine sediments provided more surface area for 
microbial growth (Hodgson 1990). 
The amount of changes in zooxanthellae and chlorophyll-a densities in coral colonies 
could be an effective means in quantifying the stress exhibited by the corals, such as 
bleaching resulting from temperature increase, nutrient enrichment and salinity 
decrease. Sediment burial caused different degrees of bleaching in Porifes lohuta. 
allowing loss of zooxanthellae and chlorophvll-a to be used in quantifying the degree 
of burial stress on corals (Yeung 2000, unpublished). However. PIatgyra sinensis 
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and Goniopora columna showed no bleaching after prolonged burial. Changes in 
zooxanthellae and chlorophyll-a densities were due to the loss of tissue rather than 
the loss of pigments or zooxanthellae. This implies that both of these parameters are 




Summary and Perspective 
This is the first study aiming at finding out the effects of sedimentation on corals in 
Hong Kong. It focused on measuring the sedimentation conditions in Ping Chau, 
measuring the growth rates of two dominant coral species Platygyra sinensis and 
Goniopora columna under natural conditions, on examining the sediment-rejection 
efficiency of both coral species, evaluating the long-term (one month) effects of 
continuous sediment influx on zooxanthellae and chlorophyll-a densities, and 
studying the effects of complete sediment burial on these corals. 
There were dramatic changes of sedimentation rates, from the lowest 0.87 
mg.cm-2.day-i to the highest of 275.9 mg.cm'^day"' in waters around Ping Chau. 
Sedimentation rates were mainly affected by the occurrence of typhoon as storm 
would cause strong resuspension of bottom sediments. The shift of dominant 
sediment composition in the traps from clay to sand during or after a period of storm 
was also due to the effect of strong current that resuspended particles of larger sizes. 
However, no clear correlation could be found between the amount of total suspended 
solid and the relative light penetration in the field. 
The two study sites, AMW and AYW, had significantly different sedimentation rates. 
Growth measurements were done on Platygyra sinensis and Goniopora columna to 
examine whether sedimentation rates had any effect on coral growth. Coral growth 
rates of both species were not significantly different in AMW and AYW. Alizarin red 
staining method was successful in measuring the growth rate of G. columna at 16.5 
mm/year. The growth rate of P. sinensis at 4.5 mm/year (first-half 1999) to 5.4 
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mm/year (second-half 1999) was poorly measured by nail markers. 
Sediment-rejection efficiency experiments involved the application of different 
amounts of sediments on the coral colonies to examine the rate of clearance. 
Platygyra sinensis was more efficient than Goniopora columna in getting rid of 
0 1 
settled sediments. After 24h of application of 1000 mg.cm" .day" of sediments, 
percentages of area cleared were 90% and 50% in P. sinensis and G. columna 
respectively. The effectiveness of clearance was not significantly different between 
sites in situ and in aquaria. The hemispherical shape of P. sinensis facilitated the 
passive runoff of sediment from its surface but the less obvious tentacle motions may 
also play an important role in sediment clearance. Long tentacles of G. columna 
would tend to trap the sediments in the lower area of the colony, forming 
"sediment-ball". This species appears to employ a sacrificial strategy to deal with 
sedimentations. 
Both Platygyra sinensis and Goniopora columna seem to be more tolerant of 
sedimentation than many other scleractinians in other parts of the world. They were 
able to withstand high sediment rate (1000 mg.cm'^.day'^) for four days without 
showing stressful signs. Bleaching and tissue necroses were not observed in the 
specimens. A continuous daily sediment influx experiment on the corals was 
conducted in the aquaria for one month and zooxanthellae and chlorophyll-a 
densities were monitored on a weekly basis. This experiment aimed at studying the 
sublethal effects of sedimentation on these two species. These two corals were 
unexpectedly tolerant towards sedimentation. No coral mortality or even stressful 
signs were recorded among specimens. They are probably the toughest coral species 
ever recorded to respond to sedimentation effects. Changes of zooxanthellae and 
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chlorophyll-a densities were not correlated with the sediment influx. Other 
environmental factors seem to play more important roles in determining fluctuations 
in these densities. It is important to note that the findings from this experiment may 
not be applicable to the field condition. The main reason is that the sediments applied 
was mainly silt and sand, and it would settle down very quickly and not much 
suspension remained in the water column. Therefore, the effect of light attenuation 
was minimal under the aquarium condition. In nature, during dredging or reclamation 
activities, clay sediment would remain suspended in the water column and hence it 
could become extremely turbid in the surrounding water. Under such condition, it is 
not certain i f these two dominant corals would be able to withstand a sedimentation 
， 1 
rate as high as 1000 mg.cm" .day". 
The fragility of these two corals was shown in the sediment burial experiment. They 
were buried for different periods from Oh to 48h in situ and in aquaria. The impacts 
from sediment burial were clearly seen once the sediments were removed. Both coral 
species showed tissue necroses under 48h burial. Zooxanthellae and chlorophyll-a 
densities dropped significantly by more than 50%. No recovery was observed for 
these 48h treated specimens. The situation was better in aquaria as the sediment used 
in aquaria burial was coarser than those in the field. Therefore, it is suggested that 
finer sediments could ki l l corals in a shorter time. 
The findings seem to be contradictory in certain ways. Platygyra sinensis and 
Goniopora columna have significant different ways in clearing the sediment 
deposition, and their abilities to withstand both the short and long terms high 
sedimentation rates were exceptional high. However, they would be killed shortly 
after 48 hours sediment burial. And their physiological changes, i.e. zooxanthellae 
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and chlorophyll-a densities were not significantly correlated with the sedimentation 
stress. The inconsistence and interpretation difficulties were probably resulted from 
the scale difference in different experiments. The daily sedimentation rates were 
calculated from the monthly mean. The physiological monitoring was limited to one 
month period. Growth rates were also roughly determined twice a year. The scale 
differences in experiments resulted in difficulties of interpretation. 
However, the findings from these experiments are hopefully useful in providing a 
better picture of sedimentation effects and coral interaction and to help in 
understanding the coral communities in Hong Kong. Although these two dominant 
corals were not very susceptible to sedimentation effects, it does not imply that other 
corals would also be tough to sediment impacts. Sedimentation would probably 
result in reduced coral diversity and coral cover i f sediment loads are high. The threat 
to Hong Kong marine environment by excessive sedimentation is real. 
The need to protect Hong Kong's marine environment has been recognized since the 
mid 1970s. Up to December 2000, three marine parks and one marine reserve were 
designated. They are Hoi Ha Wan Marine Park, Yan Chau Tong Marine Park and the 
Sha Chau and Lung Kwu Chau Marine Park, and the Cape d' Aguilar Marine 
Reserve. Ping Chau is a proposed marine park and expected to be designated in 2001. 
But these protected areas are only protected from activities such as collection of 
corals and other marine species, disturbance of nesting and nursing sites of marine 
protected species, destructive fishing activities such as bottom trawling, spear-fishing, 
dynamite fishing, and mari-culture operations. The land-use of areas around marine 
parks or marine reserves are not regulated or controlled. Some of these could 
contribute to increase in sedimentation within the park or reserve. The sedimentation 
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rates of waters in marine parks are not being monitored. 
A case in point is Ping Chau where the main threat of sedimentation comes not from 
Hong Kong side, but from the mainland. The study sites were close to China 
mainland where resort areas are rapidly being developed. High input of sediments 
from coastal development is expected to affect the proposed marine park. Therefore, 
authors such as Liu & Hills (1997) pointed out that there is a need for collaboration 
with China in order to have a successful marine conservation plan. For example, the 
marine parks at Yan Chau Tong and Hoi Ha Wan in the North East New Territories 
are located on the western shores of Mirs Bay, which forms the boundary between 
the Hong Kong Special Administrative Region and the rest of China. The Chinese 
Government is building a major container port on the northern shore of Mirs Bay at 
Yan Tian. Increasing vessel traffic and continuous coastal development would result 
in pollutants that are likely to affect the water quality in the two designated marine 
parks. The complicating factor of developments in mainland China poses problems 
for Hong Kong, and for political reasons it seems unlikely that effective 
collaboration with Mainland authorities can be realised over a short term period. 
Nevertheless, an understanding of the possible impact of sediments may raise the 
environmental consciousness of the public as well as the government. Though 
greater awareness, more efforts may be put into preventing further deterioration of 
the environment by excessive sedimentation. This is one way by which some of the 
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